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    ii. Observed/Expected Index  

In order to further predict and quantify the loss of taxa expected from construction of 
valley fills in Pigeonroost Branch and Oldhouse Branch as authorized, Region III applied 
a well-accepted and peer reviewed approach, called an Observed/Expected index (O/E) 
(Hawkins 2006, Van Sickle 2005) (Figure 13).  O/E ratios basically represent the 
proportion of predicted taxa that were observed in a sample, compared to those expected 
in the sample, after predicting the probability that a sample site is a member of one or 
more fixed sets of reference site types.  

 

 

Figure 13.  Measure of biological 
integrity; O vs. E (C.P. Hawkins, Utah 
State Univ.). 

 

 

 

Rather than using several reference site types, null models can be developed that assume 
only one set of comparable reference sites.  Null models are appropriate when working in 
areas with relatively similar physical and regional characteristics that may have influence 
on the macroinvertebrate community (e.g., geology, stream slope, natural substrate, 
season and climate), as is the case in this application.  For the WV null models, EPA first 
calculated the probability of capture (Pc) as the proportion of a taxon’s occurrence in 
spring and summer at all mountain reference sites (combined ecoregions 67, Ridge and 
Valley, and ecoregion 69, Central Appalachians).  For example, the stonefly Leuctra was 
present at 94% of mountain reference sites in spring, so its Pc value for spring is 0.94.  
EPA conducted this probability calculation for all non-chironomid taxa. The Pc’s of all 
taxa with a Pc greater than 0.1 were then summed to yield the Expected number of taxa at 
a site for the given season (Table 7).  Therefore, the Expected total number of taxa at a 
mountain site in spring is 20.4 and in summer is 18.7.   

A site that is a perfect match to the richness of expected indigenous taxa will score 1.0, 
while downward deviation from 1.0 indicates increasing loss of expected taxa compared 
to regional reference (e.g., a score of 0.50 indicates a 50% loss of the expected taxa).  
Upward deviation (greater than 1.0) simply indicates that more taxa were collected than 
expected.  (When a taxon is observed at a test site, that taxon is counted as 1 for the 
observed score, so if the Pc is less than 1 for that taxon, this can lead to O/E scores 
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greater than 1.  For example, for the stonefly Leuctra, the Pc of capture is 0.94, so its 
tally for E is only 0.94, but if the taxa is observed at a site, its tally for O is 1.   

We chose the 5th percentile of reference site O/E scores as a threshold to correspond to 
WVDEP’s bioassessment threshold for assessing aquatic life support.  This O/E 5th 
percentile was 0.64, indicating a loss of 36% of expected taxa. 

The WV null model indicates that macroinvertebrate assemblages in Pigeonroost Branch, 
Oldhouse Branch and the upstream White Oak Branch are comparable to WVDEP 
mountain ecoregion reference sites and that there is adverse impact (O/E less than 0.64) 
to streams receiving drainage from MTM/VF operations in WV, including streams 
adjacent to the Spruce mine area (Tables 3 and 4).    The highest O/E scores (1.18) were 
in Pigeonroost, Oldhouse and White Oak Branches.  The lowest O/E scores (0.20) were 
in Beech and Left Fork of Beech Creek, both of which have been impacted by mining 
operations.   

The model indicates that macroinvertebrate assemblages in Pigeonroost Branch and 
Oldhouse Branch are comparable to WVDEP mountain ecoregion reference sites.  In 
contrast, past mining by Mingo Logan has led to the estimated extirpation of ~70% of the 
native expected taxa in their adjacent Dal-Tex mine operation (Table 7).  It is highly 
likely that conditions in the unfilled portions of Pigeonroost Branch and Oldhouse Branch 
will follow this pattern of genus-level extirpation if valley fills are constructed in those 
waters as currently authorized.  See Appendix 1 for for more details on O/E. and model 
development. 
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Table 7.  Summary of WV O/E null model results for the Spruce No. 1 Project area.  The 
biological impairment threshold is 0.64 (corresponding to the 5th percentile of WVDEP 
reference site distributions).  An O/E score of ~1.0 means that the number of Observed 
native taxa is equivalent to the Expected number of native taxa.  SD = standard deviation. 
 

Table 7 

  Mean (SD) O/E  
 Spruce No. 1 Dal-Tex  

  Pigeonroost,Oldhouse, White Oak 
Beech, LF 

Beech Rockhouse 

Spring 0.98 (0.20); n=9 0.26 (0.06);n=5 0.31 (0.10); n=3 

Summer 0.85 (0.15); n=2 0.32 (0.08); n=2 0.38 (0.08); n=2  

    

● Adjacent mined sites include LF Beech, Beech, and Rockhouse 
● The highest O/E scores were recorded in Pigeonroost, Oldhouse, and White Oak 
(each scored 1.18) 
● The lowest O/E scores were recorded in Beech and LF Beech on Dal-Tex (each 
scored 0.20) 

 

Based on WVDEP Mountain reference sites, on average: 
● Spruce No. 1 samples are missing ~2% of expected taxa in Spring, and ~15% in 
Summer 

● Dal-Tex sites are missing ~74% of expected taxa in Spring, and ~68% in Summer.17 
● SD for Spruce No. 1 streams had similar or better precision (SD) to the WVDEP 
reference model 
● SD for Dal-Tex was very low indicating that all observations consistently show 
missing taxa 

 
 
    iii. Comparison of WVSCI scores 
 
States routinely use macroinvertebrate assemblage data to assess compliance with their 
narrative water quality standards and to determine support of aquatic life.  For the past 
several cycles of Section 303(d) lists of impaired waters, WVDEP has used a family-level 
multi metric index called the WV Stream Condition Index or WVSCI.  The WVSCI uses 
six (6) component metrics to summarize and analyze family-level macroinvertebrate taxa 
lists.  The six metrics are total number of EPT (Ephemeroptera, Plecoptera and 
Trichoptera or maflies, stoneflies and caddisflies) taxa, total number of taxa, percent of 
organisms that are EPT, percent of organisms that are Chironomidae (midges), the 
percent of organisms in the top two dominant taxa, and the Hilsenhoff Biotic Index.  All 
metrics are computed at the family-level with a 200 fixed count subsample.  The metrics 
are scored against Best Standard Values (BSVs) for the entire dataset, as a percent of the 
BSV and normalized to a score of 100.  The average of all six metrics makes up the final 
WVSCI score.  Simply put, the lower the score, the more degraded the macroinvertebrate 
assemblage.  For more information on the WVSCI, go to 
http://www.wvdep.org/Docs/536 WV-Index.pdf.   

                                                 
17 Based on EPA data (Pond et al. 2008), all mined sites lost 47% of expected taxa, on average. 
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Examination of the West Virginia dataset has shown that the family-level metrics used by 
WVDEP  generally underestimate degradation of the macroinvertebrate community 
impairment of aquatic life uses as compared to more sensitive genus-level indices due to 
the coarse level of taxonomy. Despite this lower sensitivity, bioassessments using 
WVSCI have documented adverse impacts to aquatic life due to mining in streams on 
mined sites near the project area   
 
EPA sampled several streams within the Spruce Fork watershed for the Mountaintop 
Mining/Valley Fill Programmatic Environmental Impact Study (PEIS) (Green et al. 2000; 
Bryant et al. 2002).  These assessments indicate that the unmined streams within and near 
the project area, including White Oak Branch, Oldhouse Branch and Pigeonroost Branch  
were high quality streams that fully support the aquatic life use, based on the family-level 
WVSCI and water quality data (see Appendix 1 and 2).  The streams located in the 
historically MTM/VF mined areas located nearby (Rockhouse Branch, Beech Creek, and 
the Left Fork of Beech Creek) had WVSCI scores that would indicate they did not fully 
support aquatic life.  These EPA data indicate that the aquatic life in streams on the 
project area (i.e., Oldhouse Branch and Pigeonroost Branch) would be likely degraded to 
the conditions exhibited in the Beech Creek and Rockhouse sub-watersheds after they are 
mined.  
 
WVDEP data and assessments confirm that the aquatic life is adversely impacted not 
only in the nearby mined streams, but further downstream, on the mainstem of Spruce 
Fork, Pond Fork and the Little Coal River (see Appendix 1).  The adverse impacts in the 
mainstem of Spruce Fork, Pond Fork, and the Little Coal are likely due to a combination 
of stressors, including mining and residential stressors. (WVDEP 1997). 
    
Construction of valley fills, sediment ponds, and other discharges into Pigeonroost 
Branch and Oldhouse Branch as authorized by the DA Permit No. would be likely to 
export additional contaminants (conductivity) to Spruce Fork.  Due to the sensitivity of 
native macroinvertebrate wildlife to elevated and increasing levels of conductivity, these 
contaminants are likely to hinder the maintenance or  recovery of these biological 
communities. 
 
   b. Salamanders 
 
As stated above, the ecoregion where the Spruce No. 1 project is located has one of the 
richest salamander fauna in the world.  Impacts from the activities authorized as part of 
the project will have a significant adverse impact on this wildlife group located within the 
project area.  Based on literature values (Williams 2002) for mean densities within 
reference reaches of Pigeonroost Branch, Bend Branch (another tributary of Spruce 
Fork), and Ash Fork (a tributary of Gauley River) and a 2004 USFWS study in White 
Oak Branch, EPA estimates aquatic salamander density in Pigeonroost Branch and 
Oldhouse Branch at ~5-6 per square meter along stream channels.  Approximately seven 
acres of stream channel would be filled in Pigeonroost Branch and Oldhouse Branch by 
the project as currently authorized which means that more than 200,000 stream-dwelling 
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salamanders would be buried by the currently authorized valley fills.  It is not expected 
that stream salamanders will return to the site due to the burial of their existing habitat 
and the inadequacy of proposed mitigation to replace the habitat required by these 
wildlife.  Gingerich (2009) found no expected stream salamanders inhabiting 3-20 yrs old 
sediment ditches (5 out of 5 mines) on West Virginia MTM areas.  Furthermore the 
USFWS has indicated that, to its knowledge, it has not been demonstrated that 
salamanders return to surface-mined areas and achieve densities similar to those that 
occurred prior to mining. 

Since salamanders represent the main vertebrate predator in these headwater streams, and 
will be eradicated under the  project, EPA believes that a key component of the aquatic 
food web would be likely to be lost from the aquatic ecosystem within Pigeonroost 
Branch and Oldhouse Branch portions of the Spruce No. 1 mine area. 

According to the USFWS, adverse impacts to salamanders as a result of construction of 
valley fills and other discharges authorized by the DA Permit into Pigeonroost Branch 
and Oldhouse Branch will not be localized to the area to be filled.  Because construction 
of the valley fills and other discharges are very likely to increase conductivity and 
selenium levels in the downstream receiving waters (See Section V.B.1 above), 
salamanders that are not directly buried and killed beneath the fills are also likely to be 
impacted; directly via exposure to these contaminants and perhaps indirectly via impacts 
of contaminants on food sources.  (Patnode, et al. 2005)  Such impacts are likely to occur 
as far downstream as elevated conductivity, selenium or other contaminants persist, and 
to affect any salamanders that spend some part of their life in the aquatic environment or 
in immediately adjacent riparian terrestrial habitats.  These impacts would likely be 
exacerbated by the loss of fresh water dilution from Pigeonroost and Old House Branch. 
 
USFWS also indicated that while range-wide populations of common species may not be 
significantly impacted, the salamander communities in individual headwater systems 
behave essentially as isolated populations because there is limited interaction 
(immigration and emigration) with communities in adjacent watersheds (Dr. Thomas 
Pauley, Marshall University and personal communication with Jim Zelenak USFWS WV 
Field Office).  Therefore, the populations within the watersheds that will be impacted by 
fill (the footprints of the valley fills and the downstream toxicity in the form of elevated 
conductivity, selenium, and potentially other contaminants), and are very likely to be 
significantly impacted. 
 
Furthermore, as set forth in Section V.B.2.c.i. below, construction of valley fills and other 
discharges into Pigeonroost Branch and Oldhouse Branch has the potential to contribute 
to conditions that would support blooms of golden algae (Prymnesium parvum), which 
can produce a toxin that is highly toxic to aquatic life and was associated with an 
extensive aquatic life kill of both fish and lungless salamanders in Dunkard Creek in 
West Virginia in September 2009.   
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c. Fish 
 
As described in Section IV.B.3. above, the fish assemblages in Pigeonroost Branch and 
Oldhouse Branch are typical of headwater streams, containing only a few species.  The 
fish assemblages in Spruce Fork are in relatively good condition. While some studies 
have documented adverse impacts to fish communities associated with surface coal 
mining, based on the fish community in Spruce Fork downstream of the Dal-Tex 
operation, it appears that the fish within Spruce Fork are fairly tolerant of increases in 
conductivity and total dissolved solids.  Nevertheless, increases in conductivity and total 
dissolved solids and construction of sediment ponds associated with valley fills 
authorized in Pigeonroost Branch and Oldhouse Branch will create conditions considered 
favorable to the growth of golden algae (Prymnesium parvum), which has caused large 
aquatic life kills.  Fish also would be likely to be exposed to increases in selenium 
concentrations, which could lead to bioaccumulation in fish tissues and to reproductive 
effects (see Section V.B.1.a. above).  Because of the potential to promote the growth of 
golden algae and because of the likely increased exposure to selenium, Region III 
concludes that construction of valley fills in Pigeonroost Branch and Oldhouse Branch 
would be likely to have an adverse effect on the fish population in those waters and in 
Spruce Fork. 
 
 
    i. Potential to promote growth of golden algae 
 
Construction of valley fills and other discharges authorized by DA Permit No 
199800436-3 (Section 10: Coal River) into Pigeonroost Branch and Oldhouse Branch as 
currently authorized are likely to contribute to instream conditions in or near Spruce Fork 
that may support the growth of golden algae (Prymnesium parvum), which releases toxins 
that kill fish and other gill-breathing aquatic organisms.  P. parvum is a haptophyte 
(flagellated) algae now distributed worldwide.  This algae has been known to North 
America since the 1980’s (Baker et al., 2007) and has since become established in many 
Texas and Oklahoma rivers and reservoirs.  P. parvum is responsible for Harmful Algal 
Blooms (HAB’s) that have killed millions of fish in Texas and Oklahoma, and has been 
implicated in kills from North Carolina to Arizona.   
 
P. parvum has also been associated with an extensive and severe aquatic life kill, which 
destroyed thousands of fish, mussels and other aquatic life in Dunkard Creek, West 
Virginia and Pennsylvania in September 2009.  At the time of the Dunkard Creek aquatic 
life kill, biologists reported observations of thousands of dead fish, mussels and 
salamanders.  Mud puppies (an aquatic salamander that lives its entire life underwater) 
crawled out of the water and onto rocks and the shoreline in an attempt to escape from 
the toxic water.  Field biologists observed numerous individuals as dried up carcasses on 
rocks and along the shoreline.  Fish were observed avoiding the mainstem of Dunkard 
Creek by practically “stacking –up” in the mouths of tributaries, subjecting themselves to 
feeding by blue heron rather than remaining in the toxic water of mainstem Dunkard 
Creek.  The identification of P. parvum in 2009 in Dunkard Creek was the first 
identification of this invasive aquatic species in the Mid-Atlantic States.   
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The factors that are most closely associated with supporting growth of P. parvum are 
believed to be: 
 

1. Proximity to a known source of Prymnesium parvum. 
2. TDS in high enough amounts to support P. parvum (estimated to be between 500 

and 1000 mg/L (conductivity 714-1428 μS/cm). 
3. Nutrients of great enough amount to initiate a bloom of P. parvum 
4. pH greater than 6.5.  Risk increases with increasing pH. 

 
Areas of habitat that are pooled (large beaver dams, natural residual pools, or manmade 
ponds)  
 
EPA believes that the Spruce No. 1 project is likely to increase the likelihood that all five 
factors are met within the Spruce Fork sub-watershed, as outlined below. 
 
1) Proximity to Known Source: P. parvum was identified (in very high numbers) in Cabin 
Creek of the Kanawha drainage, only 25 miles over the ridge to the East.  Because this 
algae can easily move with waterfowl, the risk of introducing P. parvum in the Spruce 
Fork drainage is high. 
 
Although not currently found in Spruce Fork, WVDEP has identified Spruce Fork as a 
“water of concern” because of its potential (due to already high levels of 
TDS/conductivity) to support P. parvum blooms consistent with the factors shown above. 
 
2)   High TDS: The lower TDS limits for the growth of P. parvum appears to be ~500 
mg/l TDS, or ~700µS/cm conductivity for the ion mixtures typical of alkaline mine 
drainage.  Recent data indicate that growth of P. parvum increases 2-3 fold when 
conductivity increases from 500 µS/cm to 1000 μS/cm (unpublished data, WVDEP, 
2010).  The waters draining the nearby Dal-Tex Mine operation have conductivity levels 
greater than these values.  Many of the sampling sites on the mainstem of Spruce Fork, 
Pond Fork and the Little Coal River also have conductivity levels exceeding these 
endpoints.  Other waters of concern near the Spruce No. 1 project include the Little Coal 
River and West Fork/Pond Fork 
 
As described in SectionV.A, construction of valley fills and other discharges authorized 
by DA Permit No 199800436-3 (Section 10: Coal River) into Pigeonroost Branch and 
Oldhouse Branch would be likely to increase levels of TDS/conductivity in Spruce Fork, 
thus creating conditions more favorable to P. parvum.   
 
In addition, DA Permit No. 199800436-3 (Section 10:  Coal River) authorizes 
construction of numerous sedimentation ponds in Pigeonroost Branch and Oldhouse 
Branch.  These will create areas of pooled habitat more favorable to P. parvum.  During 
low flows, when conductivity is highest, flow is lowest, increasing the possibility that 
blooms could occur in very slow moving residual pools within the channel. 
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3) Suitable Nutrient Levels: Nutrients in the Spruce Fork are of similar availability to 
Dunkard Creek and other watersheds with P. parvum algae present (e.g. Whitely Creek, 
PA).  Phosphorous in Spruce Fork was over 100 μg/L on two sampling occasions during 
the PEIS. 
 
4) High pH: Discharges from Spruce No. 1 are likely to be alkaline, consistent with pH of 
discharges from Dal-Tex and other operations, etc. etc. 
 
5) Existence of Pooled Habitats:  Pooled habitats with little to no flow are common in 
streams like Spruce Fork in low flow conditions of September and October, when TDS is 
highest.  
 
    ii. Increased exposure to selenium 
 
As set forth in Section V.B.1.a, construction of valley fills and other discharges 
authorized by the DA Permit into Pigeonroost Branch and Oldhouse Branch would be 
likely to result in elevated levels of selenium in receiving waters.  While selenium is a 
naturally occurring chemical element that is an essential micronutrient, excessive 
amounts of selenium can also have toxic effects on fish.  Selenium toxicity is primarily 
manifested as reproductive impairment and birth defects due to maternal transfer, 
resulting in embryotoxicity and teratogenicity in egglaying vertebrates (e.g. fish and 
ducks).   The most sensitive toxicity endpoints in fish larvae are teratogenic deformities 
such as skeletal, craniofacial, and fin deformities, and various forms of edema.  Embryo 
mortality and severe development abnormalities can result in impaired recruitment of 
individuals into populations (Chapman et al. 2009).  A WV draft study indicates that 
elevated selenium concentrations in fish eggs, increased larval deformity rates and 
increased deformity rates in mature fish are occurring in the Mud River Reservoir, Boone 
County, WV due to mining activities.  These adverse conditions were all associated with 
elevated water column selenium concentrations (WVDEP, 2009, draft). 
 
In summary, construction of valley fills and other discharges authorized by DA Permit 
No 199800436-3 (Section 10: Coal River) into Pigeonroost Branch and Oldhouse Branch 
would likely result in increased instream levels of selenium that can have toxic effects on 
fish.  
 

iii. Other potential impacts to fish  
 
A number of studies have documented adverse impacts to fish communities associated 
with surface coal mining.  It is important to consider basin size when assessing the 
potential effects of valley fills because small streams (less than10 km2) have shown 
effects to the fish assemblage while larger streams have not (e.g., Fulk et al. 2003).  As 
noted by Fulk et al. (2003) using fish indices like the Mid-Atlantic Highlands Index of 
Biotic Integrity (MAHA IBI) of McCormick et al. (2001) is problematic in small streams 
that are species depauperate (limited diversity) because the index is greatly affected by 
the addition or subtraction of one or two individuals of a different species.  Nevertheless, 
Fulk et al. did analyze small streams in their report and found significant differences in 
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total IBI scores between mined and unmined streams.  This difference was attributed to 
changes in cyprinid species richness and the percent of the assemblage composed of 
benthic invertivores.  There was no significant difference in percent cottids (sculpin). 
 
Some studies have shown that mountaintop mining for coal and construction of valley 
fills has had a harmful effect on the composition of stream fish communities (Fulk et al., 
2003, Stauffer and Ferreri, 2002).  Comparison of streams without mining in the 
watershed and sites downstream of valley fills in Kentucky and West Virginia indicate 
that streams affected by mining had significantly fewer total fish species and fewer 
benthic fish species than streams without mining in the same areas (Stauffer and Ferreri, 
2002). 
 
Fulk et al. (2003) used the Mid-Atlantic Highlands Index of Biotic Integrity (IBI - a 
multi-metric index used to assess biotic health) to analyze fish data from 27 streams in 
West Virginia.  In their study, Fulk et al. (2003) classified streams (no mining in the 
watershed, mountaintop mining in the watershed, sites downstream of valley fills, and 
sites with both mining and residential development in the watershed) and compared fish 
assemblage health among stream classes.  The study showed that assessment scores from 
the sites downstream of valley fills were significantly lower than scores from sites 
without mining in the watershed, indicating that fish communities were degraded in sites 
downstream of valley fills.  Sites with residences in addition to mining, however, scored 
similarly to the unmined sites. 
 
Sites that were sampled in Spruce Fork for the PEIS were classified as “filled with 
residences.”  Sampling data in the Spruce Fork sub-watershed downstream of the Dal-
Tex operation scores similarly to filled residential sites in the PEIS,  There is no 
difference between filled residential sites and unmined sites in the PEIS. 
 
In summary, there remains the potential that construction of valley fills and other 
discharges authorized by DA Permit No 199800436-3 (Section 10: Coal River) into 
Pigeonroost Branch and Oldhouse Branch have the potential to promote the growth of 
golden algae and increase exposure to selenium.  For these reasons, Region III concludes 
that construction of valley fills and other discharges authorized into Pigeonroost Branch 
and Oldhouse Branch would be likely to have an adverse effect on the fish population in 
those waters and in Spruce Fork. 
 
 
    d. Water-dependent birds 
 
Loss of headwater streams from the project would be likely to impact water dependent 
birds, such as the Louisiana waterthrush, that require forested headwater streams for 
foraging on insects and nesting by elimination of the headwater areas associated with 
Pigeonroost Branch and Oldhouse Branch.  
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The Louisiana waterthrush has been designated by USFWS as a Bird of Conservation 
Concern (BCC) within the Appalachian Mountains Bird Conservation Region (AMBCR) 
that may be impacted by Mountaintop Mining – Valley Fills (MTM-VF). 
 
According to USFWS, the Louisiana waterthrush is an area-sensitive riparian-obligate 
species that nests and forages along headwater streams of intact interior forests; it relies 
for breeding success on the diverse and productive assemblage of aquatic insects 
supported by healthy headwater systems (Mattson et al. 2009).  Studies indicate that 
breeding territory density and occupancy were reduced along streams where benthic 
macroinvertebrate communities had been degraded due to anthropogenic land uses and 
acidification. Lower breeding territory densities occurred along streams impacted by acid 
mine drainage more so than along circumneutral streams. Similarly, some indices of 
benthic macroinvertebrate integrity were higher where breeding Louisiana waterthrushes 
were present than areas from which they were absent. Stream reaches where breeding 
birds were detected had a greater proportion of pollution-sensitive benthic 
macroinvertebrates than reaches where they were not detected supporting the concept that 
good water quality is a key component of the species breeding habitat.18   Management 
for this species has focused on protecting core wooded riparian habitat, including 
establishment of undisturbed riparian forest cover, and preservation and improvement of 
water quality to ensure aquatic insect biomass and diversity.  
 
For water-dependent wildlife, like the Loiusiana waterthrush, preservation of large tracts 
of forest containing headwater streams is needed for the conservation of this species in 
the central Appalachians. The waterthrush is particularly vulnerable to degradation of 
water quality and aquatic insect communities (Mattsson and Cooper 2006, Mulvihill et al. 
2008). 
 
3. Summary 
 
In summary, construction of valley fills, sedimentation ponds, and other discharges 
authorized by DA Permit No. 199800436-3 (Section 10: Coal River) to Pigeonroost 
Branch and Oldhouse Branch would eliminate headwater stream systems that support 
some of the last remaining least-degraded conditions within the Coal River sub-basin, 
destroy (through burial) diverse and healthy wildlife communities and habitat within 
those headwater stream systems.  In addition, the discharges would likely convert 
previously healthy, functioning headwater streams into sources of contaminants to 
downstream waters that would likely adversely affect wildlife in those downstream 
waters. These impacts likely will cause significant degradation of the Nation’s waters as 
described in 40 C.F.R.  230.10(c), particularly within the context of of the mine-impacted 
Coal River sub-basin and Spruce Fork sub-watershed.  As set forth in Section V.C. 

                                                 
18 In addition to stream pollution from anthropogenic land uses, elevated predator numbers from landscape-
scale forest fragmentation and the loss of riparian forest canopy could also negatively impact future 
population levels of the Louisiana waterthrush. Ongoing impacts associated with landscape disturbances, 
including defoliation, increased stream temperatures, and compositional shifts in benthic macroinvertebrate 
communities, also could reduce populations in the AMBCR. Therefore, measures of Louisiana waterthrush 
distribution and reproduction may be useful indicators of both stream and forest  ecosystem integrity. 
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below, Region III has determined that the compensatory mitigation plan for this project 
would be unlikely to compensate adequately for the impacted resources or to reduce the 
impacts described above to an acceptable level.  
 

C. Mitigation is not likely to ffset anticipated impacts 
 
The Section 404(b)(1) Guidelines require that the permit authorize only the least 
environmentally damaging practicable alternative.  40 C.F.R. 230.10(a).  In addition, no 
discharge of dredged or fill material shall be permitted unless appropriate and practicable 
steps have been taken which will minimize potential adverse impacts of the discharge on 
the aquatic ecosystem.  40 C.F.R. 230.10(d).  Thus, impacts must be first avoided and 
then minimized  It is only after practicable and appropriate steps have beeen taken to to 
avoid and minimize impacts that compensatory mitigation to offset unavoidable adverse 
impacts to aquatic resources authorized by Clean Water Act Section 404 permits and 
other Department of the Army (DA) permits may be considered.   
 
Analysis by Region III indicates that there appear to be alternative configurations that 
would avoid much of the discharges to Pigeonroost Branch and Oldhouse Branch.  
Because the scope of this Recommended Determination is limited to withdrawal of 
specification of Pigeonroost Branch and Oldhouse Branch as disposal sites for discharges 
of dredged and/or fill material in connecton with the Spruce No. 1 Mine, Region III takes 
no position at this time as to whether the alternatives that Region III has identified would 
be likely to result in acceptable or unacceptable effects on wildlife or satisfy the Section 
404(b)(1) Guidelines.  
 
If constructed as authorized the Spruce No. 1 Mine will result in direct impacts (through 
discharge of dredged and/or fill material) to approximately 35,368 linear feet (about 6.6 
miles) of stream in Pigeonroost Branch and Oldhouse Branch.   The impacts from these 
discharges are discussed in Sections V.A. & V.B. above. 
 
While Region III recognizes that the project includes mitigation efforts (including stream 
creation and enhancement of existing streams) to compensate for unavoidable adverse 
impacts, Region III is concerned that known compensatory mitigation techniques would 
be unlikely to replace the high quality resources in Pigeonroost Branch and Oldhouse 
Branch.   Additionally, Region III believes that the current mitigation plan does not 
adequately account for the quality and function of the impacted resources.  
 
The Compensatory Mitigation Plan (CMP) submitted by Mingo Logan describes on-site 
and off-site, in-kind mitigation.  On-site compensation would include the restoration of 
7,132 linear feet of stream segments temporarily impacted by the sedimentation ponds, 
and the creation of 43,565 linear feet of on-bench stream channel within the project area.  
Off-site compensation includes stream enhancements to Spruce Fork and Rockhouse 
Creek through a combination of physical, aquatic habitat, and stream stabilization 
improvements.  Finally, the CMP proposes to direct surface water flow from the project 
area in existing drainage ways to promote the development of more defined channels, 
thus creating 26,625 linear feet of streams. 
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Both EPA and the USFWS have regularly identified problems with the mitigation 
techniques that are part of the CMP for the Spruce No. 1 Mine.  Region III's comments 
on the 2006 draft and final EISs for the Spruce No. 1 Mine expressed concern that the 
compensatory mitigation plan did not fully mitigate all adverse impacts and was 
inadequate in terms of its lack of functional assessment and concerns whether headwater 
stream creation would in fact replace impacted resources   Region III emphasized the 
importance of headwater stream functions that would be lost and likely not replaced, 
particularly by conversions of existing drainageways to streams as described in the CMP. 
In their December 4, 2001, letter the USFWS expressed similar concerns that the 
proposed mitigation was unlikely “to provide sufficient mitigation for permanent stream 
and riparian habitat loss and for the losses of the functions and values of the stream to 
aquatic species in the fill footprint and to the downstream ecosystem.”   
 
As discussed below, the project fails to include all appropriate and practicable steps to 
minimize and compensate for the project’s adverse impacts on the aquatic ecosystem as 
required by 40 CFR 230.10(d).  Further, EPA Region III believes that the anticipated 
level of adverse impacts associated with the Spruce No. 1 Mine will not be adequately 
offset by the required compensatory mitigation.   
 

1. Proposed mitigation likely will not replace high quality 
resources in Pigeonroost Branch and Oldhouse Branch 

 
There is no evidence in the peer-reviewed literature that the type of stream creation 
included in the CMP will successfully replace lost biological function and comparable 
stream chemistry to high quality stream resources, such as Pigeonroost Branch and 
Oldhouse Branch.  Studies have demonstrated that replacement of streams is among the 
most difficult and frequently unsuccessful forms of mitigation. Even if stream structure 
and hydrology can be replaced, it is not clear that replacing structure and hydrology will 
result in true replacement of functions, especially the native aquatic community and 
headwater functions.  Based upon these studies, the Corps and EPA have stated: 
 

 “We recognize that the scientific literature regarding the issue of stream 
establishment and re-establishment is limited and that some past projects have had 
limited success (Bernhardt and others 2007).  Accordingly, we have added a new 
paragraph at 33 CFR 332.3(e) (3) [40 CFR 230.93(e) (3)] that specifically notes 
that there are some aquatic resources types that are difficult to replace and streams 
are included among these.  It emphasizes the need to avoid and minimize impacts 
to these ‘difficult-to-replace’ resources and requires that any compensation be 
provided by in-kind preservation, rehabilitation, or enhancement to the extent 
practicable.  This language is intended to discourage stream establishment and re-
establishment projects while still requiring compensation for unavoidable stream 
impacts in the form of stream corridor restoration (via rehabilitation), 
enhancement, and preservation projects, where practicable.”19 

                                                 
19 EPA recognizes that the effective date of the regulations governing compensatory mitigation that were  
promulgated at 73 Fed. Reg. 19594 (April 10, 2008) is June 9, 2008, and therefore those regulations do not 
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Furthermore, the USFWS frequently has stated that, “we continue to believe that it is not 
possible to fully replace the critical aquatic and terrestrial ecosystem functions of healthy 
headwater streams,” and that USFWS “is not aware of any scientific support for the 
concept that . . . ditches can be considered biologically equivalent to, or even rough 
approximations of, flowing streams.”  
 
The streams of Pigeonroost and Oldhouse Branch have been shown to exhibit high water 
quality and high functioning capacity.  Given the difficulty of stream re-establishment to 
mitigate for impacts to streams in general, Region III believes it is even more unlikely 
that high value streams such as these can be replaced by on-site stream creation 
techniques involving conversion of sediment ditches.  EPA Region III believes that the 
mitigation for the Spruce No. 1 project is unlikely to offset the anticipated impacts to an 
acceptable level. 
 

2. The compensatory mitigation plan is based upon a 
misclassification of the impacted resources 

 
The starting point for an adequate compensatory mitigation plan is accurate 
characterization of the impacted resources.  Region III believes that the compensatory 
mitigation plan is based upon a misclassification of impacts to perennial and intermittent 
streams, thereby resulting in an insufficient baseline from which to design adequate 
stream compensation.  
 
Overall, through onsite visits and biological data collection, Region III conservatively 
estimates that, within the mine footprints of Right Fork Seng Camp, Pigeonroost, and 
Oldhouse Branch, over five miles of stream (~27,000 feet) are perennial. This is in 
contrast to the DA Permit estimation of 165 feet of perennial waters within the entire 
project area. This misclassification has a critical impact upon the type of mitigation that 
would be required to offset these impacts.  The resource type plays an important role in 
the types of expected aquatic communities, the degree in which each resource provides 
structure and function, and the amount of organic matter and nutrients (and contaminants) 
ultimately retained or loaded to receiving streams.  This misclassification means that the 
compensatory mitigation plan does not properly account for, and therefore would not 
offset the full range of adverse impacts related to the project.  A more detailed description 
of EPA’s analysis of stream type is described in Appendix 3.   
 
  3. The compensatory mitigation plan lacks an adequate functional 
   assessment 
 

                                                                                                                                                 
apply to DA Permit No. 199800436-3 (Section 10: Coal River).  Nevertheless, the above-quoted statement, 
taken from the preamble to those regulations, summarizes scientific research and literature that is 
applicable to consideration of the likely efficacy of the compensatory mitigation proposed for the Spruce 
No. 1 Mine. 
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In addition to being based on a misclassification of resource type, the CMP also is based 
upon an inadequate functional assessment of the impacted resources.  Compensatory 
mitigation must replace the aquatic resource function lost or adversely 
affected by authorized activities. Therefore, to ensure that the functions are being 
replaced, the compensatory mitigation must create/restore streams that are capable of 
sustaining comparable biological, communities and  chemical and physical characteristics 
of the streams that have been eliminated by the mining activity.   
 
The CMP utlized an assessment method referred to as the Stream Habitat Unit (SHU) 
method to calculate mitigation debits and credits. This assessment entails a combination 
of linear lengths of impact, habitat assessment scores, and stream hydrological status20. 
The SHU as presented in the CMP only accounts for the physical aspects of stream 
condition and fails to account for the interrelationship of water chemistry and biological 
resources in stream functioning. 
 
The USFWS expressed this concern in regard to the CMP: 
 

“The Stream Habitat Unit (SHU) assessment methodology selected by the 
applicant only considers the physical characteristics of the stream. It does not 
include biological or chemical characteristics of the stream. Without those 
attributes, the assessment does not meet the requirements of a “functional” 
assessment. The Service recommends that the applicant use an assessment 
method that incorporates biological and chemical, as well as habitat, 
characteristics to determine the true function of the stream.” 

 
The basis for the SHU as presented by the CMP is based on the premise that stream 
habitat (HAV as scored by EPA’s RBP Habitat Assessment) accounts for the total 
ecological “currency” at the site.  This premise has been demonstrated to be flawed.  
Studies (for example, Fritz et al., 2010) have found no correlation between functional 
measurements and RBP Habitat Assessments. More importantly, there was no use of 
existing water chemistry or biological resource measurements factored into the SHU’s 
ecological currency of the sites.  This shortcoming underscores the need for a more 
thorough investigation of impacts and mitigation offsets.   
 
Since the permittee applied the SHU methodology, which has no functional component, 
to describe the streams, the compensatory mitigation plan only addresses the physical 
elements of the streams.  As a result of this EPA believes the current CMP does not 
adequately account for or replace the functional components of the lost streams.  Region 
III does not believe that increased ratios of intermittent or ephemeral streams offsets this 
inadequacy. While DA Permit No. 199800436-3 (Section 10: Coal River) refers to 
biological success criteria, the permit terms do not clearly require the replacement of lost 

                                                 
20 Even though the Corps did not finally rely solely on the SHU for mitigation requirements, the Corps did 
not categorically prevent the permittee from using this approach as a basis for its mitigation plan, and 
thereby allowing Mingo Logan to use this approach to help justify their mitigation performance and success 
criteri a. 
. 
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biological function and comparable stream chemistry to meet adequate compensatory 
mitigation success criteria.   
 

4. Conversion of erosion control channels would be unlikely to 
successfully replace the impacted resources 

 
Based on observations of other on-bench SMCRA drainage or erosion control ditches 
(Kirk 1999; Green et al. 2000, and Gingerich 2009), the CMP’s proposed conversion of 
these ditches is unlikely to successfully replace the impacted resources, alone or in 
concert with other proposed mitigation contained in the CMP.  Over 50% of the linear 
stream length in the Spruce mitigation plan relies on conversion of ono-bench SMCRA 
drainage or control ditches.  On-bench sediment ditches are a consequence of SMCRA-
required Best Management Practices (BMPs) to control runoff.  Data show that water 
quality in these types of sediment ditches in the MTM region is typically highly degraded 
as a result of water in these ditches percolating through mine spoil.  Even when the 
sediment ditches are enhanced for benthic substrata and riparian vegetation, such as 
through adding boulder clusters every 500-1000 feet, resulting water quality will likely 
be so degraded that the ditches will not meet or exceed pre-mining water chemistry 
baselines. 
 
As described previously, degraded water chemistry (such as the addition of conductivity 
and selenium as a result of water percolation through mine spoil) typically results in 
degraded biological communities.  As a result of this degraded water chemistry, these 
created waterbodies would be unlikely to support the healthy and diverse biological 
communities that they are intended to replace. These created streams would be 
considered degraded and would be unlikely to successfully replace Pigeonroost Branch 
and Oldhouse Branch as sources of freshwater dilution and healthy biological 
communities and function, either alone or in concert with other proposed mitigation 
contained in the CMP. 
 
A more detailed discussion of on-bench sediment ditches for mitigation is provided in 
Appendix 3. 
 

5. The CMP does not account for the loss of ecological services of 
headwater streams 

    
Another compelling problem with the Spruce No. 1 CMP is the separation of the 
ecological elements into single, separate aspects of the ecology with limited treatment of 
the interconnectedness of the entire ecosystem.  The forested slopes and coves located 
within the Spruce No. 1 project area are drained by a dendritic mosaic of ephemeral, 
intermittent and perennial headwater streams and water courses.  The watershed is 
inextricably linked with the stream system that drains it.  The overwhelming bulk of the 
organic matter that sustains the stream biota in Spruce Fork is a function of the upstream 
environment.   
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In a pre-mined condition receiving streams are recipients of allochthonous (i.e., material 
originating from outside of the stream system) material and water inputs (i.e., surface, 
subsurface and groundwater) from the surrounding forested communities.  The post-
mined environment, however, creates severely altered conditions in stream courses that 
are not destroyed by valley fills.  Those alterations include: 
 

a. Elimination of water and processed organic material from former 
upstream tributaries that will be under valley fills. 

 
b. Altered contributions of water and allochthonous material from the 

surrounding upland watershed.  This is due to the altered character of the 
soil and vegetation communities in a post-mine environment. 

 
c. Altered hydrograph with new flow regimes that markedly depart from that 

under which the streams have evolved. 
 
d. Altered timing, temperature and chemical composition of post-mine 

discharges of water to receiving streams. 
 
Mountaintop mining and associated valley fills profoundly alter the contributing 
watershed.  Effectively the new landscape widely departs from that within which the 
stream network has evolved.  The subsequent ecosystem is an entirely new system.  
Assumptions that much of the structure and function of the pre-mined conditions can be 
recaptured with mitigation are very optimistic and highly speculative. 
 
In summary, Region III believes that it is unlikely that the adverse impacts associated 
with the Spruce No. 1 project as authorized would be offset by the mitigation described in 
the CMP.  
 

D. Summary 
 
In summary, Region III believes that Spruce No. 1 Mine would eliminate the entire suite 
of important physical, chemical and biological functions provided by the streams of 
Pigeonroost Branch and Oldhouse Branch including maintenance of biologically diverse 
wildlife habitat.  Region III maintains that impacts to these functions at the scale 
associated with this project will result in significant degradation (40 CFR 230.10(c)) of 
the Nation’s waters, particularly in light of the extensive historic stream losses in the 
Spruce Fork and Coal River watersheds.  Region III does not believe the potential 
impacts of these stream resources can be adequately mitigated to reduce the impacts to an 
acceptable level by the compensatory mitigation described in the CMP.   
 
VI. Other Considerations 
 
As set forth above, Region III has determined that the impacts from the discharges to 
Pigeonroost Branch and Oldhouse Branch as authorized by DA Permit No. 199800436-3 
(Section 10: Coal River) described in Section V would be likely to have an unacceptable 
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adverse effect on wildlife that will not be offset by the compensatory mitigation plan.  
This section identifies other, additional considerations that are of concern to the Region 
but are not part of the basis for our conclusion that the impacts would be likely to have an 
unacceptable adverse effect. 
 

A. Impacts From Activities Dependent Upon Specification of Pigeonroost 
Branch and Oldhouse Branch as Disposal Sites for the Construction 
of Valley Fills and Sedimentation Ponds for the Spruce No. 1 Mine 

 
To the extent that discharge of excess spoil to areas outside jurisdictional waters and 
other mining-related activites, such as deforestation, necessarily depend upon 
specification of Pigeonroost Branch and Oldhouse Branch for construction of valley fills 
and sedimentation ponds for the Spruce No. 1 Mine, Region III has considered those  
impacts.   
 
  1. Migratory Birds 
 
Approximately 2,278 acres of deciduous forests will be destroyed by the Spruce No. 1 
Mine.  Among the many migratory birds likely to breed in the project area, there are six 
species that the USFWS has designated as Birds of Conservation Concern within the 
Appalachian Mountains Bird Conservation Region that may be impacted by Mountaintop 
Mining – Valley Fills.  These include the cerulean, Kentucky, Swainson’s and worm-
eating warblers, the wood thrush, and the Louisiana waterthrush.  The water-dependent 
Louisiana waterthrush was discussed in Section V.B.2.d above.  The other five avian 
species are also designated as BCC species within the USFWS’s Northeast Region as a 
whole and nationally (U.S. Fish and Wildlife Service 2008).  The first four are also 
considered to be among the 100 most at-risk bird species in North America (Wells 2007).   
 
Cerulean and worm-eating warblers are also both area-sensitive species that rely on large 
blocks of intact, mature, interior forest habitats to support productive breeding 
populations.  The cerulean warbler breeding population is thought to have declined by 
about 75% over the past 45 years – the most dramatic decline of any North American 
warbler monitored by the Breeding Bird Survey (Sauer et al. 2005).  Both species are 
threatened by the loss and fragmentation of these habitats (U.S. Fish and Wildlife Service 
2007, Wells 2007).  Deforestation associated the Spruce No. 1 Mine may adversely 
impact their breeding populations (Weakland and Wood 2005, Wells 2007). 
 
The project also could impact other bird species that rely on mature forest habitats. Bird 
species that rely on mature forest habitats that are abundant in the Appalachian region are 
Kentucky warblers in the understory; and wood thrush, Swainson’s warbler, Acadian 
flycatcher, and ovenbirds in mesic hardwoods. These and many other avian species are 
all impacted by forest fragmentation and habitat loss, such as that which would occur in 
connection with the Spruce No. 1 mine.  Spatial analyses of the effect of Appalachian 
mountaintop mining on interior forest indicate that the loss of interior forest is 1.75-5.0 
times greater than the direct loss of forest due to mountaintop mining.  Investigators 
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concluded that the loss of Appalachian interior forest is of global significance due to the 
rarity worldwide of large expanses of temperate deciduous forest.   
 
The Spruce No. 1 Mine will impact mature forested habitat, over a substantial timeframe, 
replacing the impacted areas with reclaimed areas dominated by grasses and herbaceous 
species. Many reclaimed areas such as those expected at Spruce No. 1 show little or no 
regrowth of woody vegetation even after 15 years. The PEIS found significant 
differences in bird populations between forested and reclaimed sites, namely the loss of 
the above-mentioned species, and subsequent replacement by more opportunistic 
grassland species. Also, the loss of the healthy headwater areas of Spruce Fork will 
reduce the feeding and foraging areas available to specialist bird species in this 
ecoregion.  This reduction in available habitat could potentially impact their viability in 
the Spruce Fork watershed and the larger ecoregion. 
 
In recent communications with Region III (August 2010) in regards to EPA’s Proposed 
Determination on the Spruce No. 1 Mine the USFWS indicated its belief that past 
selective logging in some parts of the project area would not preclude use of the site by 
forest interior species of migratory birds or that birds currently using the project area 
during the breeding season will be unaffected by the mine and associated valley fills.  
The USFWS evaluated the terrestrial habitats of the project area and concluded that 
construction of the mine was likely to impact migratory birds via the loss and 
fragmentation of forest habitat, decreasing habitat heterogeneity, increasing isolation of 
populations, and increasing exposure to nest predators and parasites (U.S. Fish and 
Wildlife Service 1998). 
 
The USFWS expressed concerns specific to bird populations within the Coal River Sub-
basin related to adverse impacts of the Spruce No. 1 Surface Mine.  These concerns 
included …”direct loss of habitat and direct and indirect loss of food resources, for forest 
interior and riparian-obligate species of migratory birds, including six species the Service 
considers Birds of Conservation Concern (i.e., cerulean, Kentucky, Swainson’s, and 
worm-eating warblers; Louisiana waterthrush; wood thrush)” (USFWS, 2008). 
 
The USFWS also continues to believe that construction of the Spruce No. 1 Surface Mine 
will adversely impact these and other forest-breeding migratory birds.  The valley fills 
will result in the permanent loss of headwater streams that may be used by Louisiana 
waterthrushes.  The USFWS indicates they are unaware of peer-reviewed research that 
suggests that these birds will simply relocate to an adjacent, unimpacted watershed and 
have comparable survival and reproductive success.  The downstream increases in 
conductivity, selenium and perhaps other contaminants are also likely to adversely affect 
those waterthrushes not excluded by the direct impacts of the fill via impacts to their food 
base.  In some freshwater food webs, selenium has bioaccumulated to four times the level 
considered toxic, which can expose birds to reproductive failure when they eat fish or 
insects with high selenium levels. 
 
While the work of the Appalachian Regional Reforestation Initiative (ARRI) shows 
substantial promise for better reclamation of mined lands, it has not been demonstrated 
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that these reclaimed areas will generate and sustain forests that provide habitat 
characteristics and qualities comparable to those of native forest.  For these reasons, the 
USFWS believes that construction of the Spruce No. 1 Surface Mine is likely to result in 
permanent and/or long-term loss of breeding habitats important to several migratory bird 
species of conservation concern. 
 
  2. Bats 
 
Large-scale mountaintop removal/valley fill mining has been identified among the threats 
to bat species in the region according to information supplied to EPA by the USFWS. 
Loss of the bat’s habitat, foraging areas, and food sources – in conjunction with recently 
identified concerns related to white-nose syndrome – may result in unacceptable adverse 
impacts to these wildlife resources. 
 
As set forth in Section IV.B.5., it is possible that Indiana bats could occur in or near the 
project area, and that they could be impacted by the loss of forest habitat associated with 
the Spruce No. 1 Mine and by the loss of headwater streams, riparian areas and 
associated aquatic and terrestrial insects, as well as by the downstream degradation of 
these resources likely to be caused by the project.   
 
In addition to Indiana bats, the USFWS was recently petitioned to list two other bat 
species, the eastern small-footed bat and northern long-eared bat, under the Endangered 
Species Act (Center for Biological Diversity 2010).  Like Indiana bats, these two species 
are susceptible to population-level impacts from White Nose Syndrome (WNS), which 
has devastated some populations of eastern bats.  Both species occur in the vicinity of the  
Spruce No. 1 Surface Mine, and both were captured during mist net surveys at the project 
site.  Five eastern small-footed bats and 16 northern long-eared bats were captured during 
mist net surveys in 2004, representing 7.6 and 24.2 percent, respectively, of all bats 
captured (U.S. Army Corps of Engineers 2006, Appendix M).  Given the rapid spread 
and potentially dramatic effects of WNS, the potential exists that even more bat species 
could decline to the point that listing under the ESA will be warranted.  
 
If WNS affects West Virginia bats as it has bats in other states, and if large die-offs 
occur, it will further complicate the already complex challenge of conserving bat species. 
Previous mining and logging activities and forest loss have also been identified as having 
adverse affects on bat populations. Commonly used reclamation techniques, many of 
which are designed to minimize erosion and provide backfill stability, are incompatible 
with re-establishment of trees necessary for successful roosting by bats. Such 
reclamation techniques have the potential to further stress bat populations. 
 
 B. Environmental Justice Concerns 
 
Environmental Justice is the fair treatment and meaningful involvement of all people 
regardless of race, color, national origin, or income with respect to the development, 
implementation, and enforcement of environmental laws, regulations, and policies. EPA 
has this goal for all communities and persons across this Nation.  Executive Order 12898 



 74

directs:  “To the greatest extent practicable…each Federal agency shall make achieving 
environmental justice part of its mission by identifying and addressing as appropriate, 
disproportionately high and adverse human health or environmental effects of its 
programs, policies, and activities on minority populations and low-income 
populations…”  
 
According to the 2000 United States Census, Spruce No. 1 is located in a census block 
group which contains 335 people.  A census block group is a geographical unit used by 
the U.S. Census Bureau (Bureau) which is between a census tract and a census block in 
size and scale. It is the smallest geographical unit for which the Bureau publishes data.  
Census block groups generally contain between 600 and 3,000 people, with a target size 
of 1,500 people.  
 
Spruce No. 1 is located in a census block group where the average per capita income is 
$15,411.  This is over $6,000 less than the national average of $21,587 and over $1,000 
less than the West Virginia state average of $16,477.  The average median family income 
is also almost $13,000 less than the national average of $52,029.  Moreover, 24% of the 
residents of Logan County live below the poverty line which also exceeds state and 
national averages.   
 
Region III notes that the Corps included a discussion of environmental justice in the 
Spruce No. 1 EIS, however, as noted in EPA's comment letters in June and October 2006, 
the Region III remains concerned that the Corps did not fully consider and address the 
potential for disproportionately high and adverse effects on this population.  EPA’s 
environmental justice analysis indicates that there may be a disproportionately high and 
adverse impact on the low income population affected by the mining activity.  
Additionally, EPA remains concerned that the local community did not have the 
necessary information, or the opportunity, to meaningfully participate in the EIS process.  
Specifically, EPA is concerned the community was not informed when changes were 
made to different aspects of the mine project during the permitting and EIS process and 
therefore was not able to meaningfully comment on the final aspects of the mine.   
 
Consideration of these issues in the context of authorizing the significant disturbance 
associated with construction of valley fills associated with the Spruce No. 1 Mine should 
include a characterization of the status of residents near the site and the conditions they 
face including any effects relating to the proximity of the blasting zone, locations of 
discharges of fill material, truck traffic, noise, fugitive dust, and habitat loss.  Information 
concerning sources of drinking water for the effected populations (including municipal 
water supplies and private sources of drinking water including streams and/or wells) also 
should be considered.   
 
The cultural implications of mountain top mining also were not sufficiently considered.  
The mountains affected by Spruce No. 1 are viewed as a cultural resource by many 
residents.  In many cases the mountains have helped define their society and influence 
their daily lives.  For example, the mountain ridges of southern West Virginia have for 
over two centuries been viewed largely as a “commons,” where local residents have 
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gathered wild medicinal herbs such as American Ginseng (Panax quinquefolius) and 
Goldenseal (Hydrastis Canadensis).  In many cases, collection of these wild herbe 
provide much needed extra income to local communities during times of unemployment 
or economic hardship (Baily 1999, Hufford, 1997).  Removing these mountains may have 
profound cultural changes on the residents in the area so it is important that cultural 
impacts be considered as well. 

 
It is important that consideration be given as to whether the types of impacts described 
above will extend over a broad area or will be concentrated in particular areas.  Detailed 
maps outlining the residential areas in relation to these activities may help accomplish 
this.  It is also important that the effects be considered both independently and 
cumulatively.  Considering the effects cumulatively provides the most realistic 
“snapshot” of what the community will be facing when the project reaches fruition.  
Having this information readily available will help engage the affected communities 
during public outreach and ensure that they can be meaningfully involved. 
 
EPA considers action pursuant to section 404(c) within the scope of the policy directive 
of Executive Order 12898.  A section 404(c) action has the potential to affect human 
health or the environment of low-income or minority populations.  Accordingly, EPA 
includes environmental justice concerns when undertaking an action pursuant to section 
404(c).   In this case, Region III conducted a public hearing on May 18, 2010 and 
received comments both orally and in writing.  Region III has considered that members 
of the community expressed concern about loss of jobs and tax revenue (supporting local 
communities and schools) in the event that EPA's Section 404(c) action would preclude 
any activities currently authorized at the Spruce No. 1 Mine.  At the same time, Region 
III also has considered that members of the community have expressed concern regarding 
the adverse environmental and cultural aspects of the project described above.  EPA also 
has received a petition from a variety of stakeholders raising concerns related to 
environmental justice issues associated with mountaintop mining. 
 
In order to satisfy Executive Order 12898, EPA has considered whether there is a 
“…disproportionately high and adverse human health or environmental effects…” from 
its regulatory action. The scope of the inquiry for purposes of EPA's environmental 
justice analysis is directly tied to the scope of the regulatory action that EPA is taking.  In 
the context of a Clean Water Act Section 404(c) action, EPA is authorized to prohibit, 
restrict, or deny specification (or withdraw specification) of the discharge of dredged or 
fill material at defined sites in waters of the United States whenever it determines that use 
of such sites for disposal would have an unacceptable adverse impact on “municipal 
water supplies, shellfish beds, fishery areas (including spawning and breeding areas), 
wildlife, or recreational areas.”  
 
Accordingly, EPA has considered its environmental justice analysis in the context of this 
Recommended Determination under Section 404(c) action the potential effects 
prohibiting the discharge will have on the municipal water supplies, shellfish beds, 
fishery areas, wildlife and recreational areas (i.e., 404(c) resources) of the project site. 
EPA also considered whether those effects, if any, of EPA’s 404(c) action on the 404(c) 



 76

resources will have a “disproportionately high and adverse human health or 
environmental [effect]” on “minority populations and low-income populations” of the 
project area.  
 
EPA concludes, to the greatest extent practicable, after performing the EJ analysis 
contemplated in Executive Order 12898, and incorporating public comment, thatthis 
Recommended Determination under 404(c)  in and of itself or if incorporated within any 
Final Determination, will not have a disproportionately high and adverse human health or 
environmental effect on the low-income and minority populations of the project area.  
EPA notes that the scope of this Recommended Determination is limited to withdrawal of 
specification of Pigeonroost Branch and Oldhouse Branch as disposal sites for the 
discharge of dredged and/or fill material for the construction of valley fills and sediment 
ponds associated with the Spruce No. 1 Mine as currently authorized.  This action neither 
prohibits nor authorizes coal mining. 
 

C. Public Health 
 
As interest in the overall environmental and human health effects from mountain top 
mining has been increasing, a growing body of research has suggested that health 
disparities are not uniformly distributed across the Appalachian region but are 
concentrated in areas, like the Spruce No. 1 Mine project area, where MTM activity takes 
place.  Region III has conducted a preliminary review of existing literature on health 
impacts from MTM.  The studies reviewed by Region III sought to evaluate whether 
associations between MTM and health exist.  These studies do not provide direct 
assessments of environmental air and water quality in mining areas in relation to 
individual exposures and health outcomes. This more comprehensive research, including 
environmental chemical analyses and biological monitoring, would require significantly 
greater study than is appropriate for this Recommended Determination.   
 
However, the results of these associational studies identify significant correlations 
between MTM activity and a variety of health disparities.  These study findings indicate 
that health disparities are elevated in Appalachian coal mining regions for mortality rates 
for chronic respiratory, cardiovascular, and kidney disease, and for some forms of cancer 
including lung cancer.  These studies by their nature could not and do not establish any 
causal linkage between MTM and these elevated rates of adverse health effects, but 
because they point to significant associations between MTM and elevated rates of 
adverse health impacts, the results warrant more research using rigorous epidemiological 
methods.  The existing body of literature suggests that various negative health outcomes 
are not the result of a single exposure, but may reflect chronic exposures to multiple 
environmental contaminants, both air and/or water, which will vary for each individual. 
 
The studies noted the following: 
 
• Residents of areas in which coal mining activities take place have higher risk of 
cardiovascular disease (CVD) (OR=1.22, 95% CI 1.14-1.30), angina or coronary heart 
disease (CHD) (OR=1.29, 95% CI=1.19-1.39), and heart attack (MI) (OR=1.19, 95% CI 
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= 1.10-1.30) after adjusting for smoking, alcohol, gender, education, race, income, 
physician supply, and metropolitan status. 
 
• Lung cancer mortality is higher in heavy coal-mining areas, followed by all other areas 
of Appalachia and the nation (p<.001) after accounting for covariates of gender, 
education, poverty, race, urban status, smoking, southern states, and Appalachian 
country. 
 
• Total chronic heart, respiratory, and kidney disease, and kidney disease mortality rates 
were significantly higher in coal mining areas of Appalachia than non-coal mining areas.   
 
• Among West Virginia adults, residential proximity to heavy coal production was 
associated with poorer health status and with higher risk for cardiopulmonary disease, 
chronic lung disease, hypertension, and kidney disease, after controlling for covariates 
(Spruce No.1 mine is in an area characterized by heavy coal production. 
 
• Distance-weighted, at-risk population coal mining exposure measure was significantly 
correlated to cancer mortality in WV.  For total cancer and three cancer-type subgroups, 
exposure was correlated after controlling for smoking rates.  The variables had positive 
spatial autocorrelation and were spatially dependent.  All components of mining 
(injection, preparation plants, impoundments, and mining sites) were related to one or 
more cancer types. 
 
• Volume of coal mining significantly related to hospitalization risk for hyptertension 
(odds increased 1% for each 1462 tons of coal) and COPD (odds increased 1% for each 
1873 tons of coal) controlled for age, gender, insurance, co-morbidities, county poverty, 
county and social capital. 
 
• The heaviest coal mining areas of Appalachia had the poorest socioeconomic 
conditions.  Before adjusting for covariates, the number of excess annual age-adjusted 
deaths in coal mining areas ranged from 3,975 to 10,923, depending on years studied and 
comparison group. 
 
• Living in proximity to mining areas increases the odds of low birth weight.  In mining 
areas, odds of low birth weight are increased by 14 to 16% depending on the amount of 
mining as compared to areas with no coal mining. 
 
• Ecological integrity was inversely related to age-adjusted cancer mortality rates (total 
p<.01; digestive, breast, and respiratory p<.01; urinary p<.05), controlled for poverty, 
access to health care providers, urbanization, education, smoking.  Ecological integrity 
was significantly related to mining and cancer mortality and mining was significantly 
related to total cancer mortality. 
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D. Cumulative Impacts 
 
Fundamental to the Section 404(b)(1) Guidelines “is the precept that dredged or fill 
material should not be discharged into the aquatic ecosystem, unless it can be 
demonstrated that such a discharge will not have an unacceptable adverse impact either 
individually or in combination with known and/or probable impacts of other activities 
affecting the ecosystems of concern."  40 C.F.R. § 230.1(c).   
 
The Section 404(b)(1) Guidelines (at 40 C.F.R. § 230.11(g)) also direct that factual 
findings be made regarding cumulative impacts on the aquatic ecosystem and that those 
findings be considered in determining whether the discharge complies with the foregoing 
restriction.  To that end, the Section 404(b)(1) Guidelines describe the factual finding that 
must be made with respect to cumulative impacts as follows: 

Determination of cumulative effects on the aquatic ecosystem. (1) Cumulative 
impacts are the changes in an aquatic ecosystem that are attributable to the 
collective effect of a number of individual discharges of dredged or fill material. 
Although the impact of a particular discharge may constitute a minor change in 
itself, the cumulative effect of numerous such piecemeal changes can result in a 
major impairment of the water resources and interfere with the productivity and 
water quality of existing aquatic ecosystems. 

For purposes of this analysis, Region III has considered cumulative impacts to the Coal 
River sub-basin (891 mi2) and the Spruce Fork sub-watershed (126.4  mi2) if the Spruce 
No. 1 Mine is constructed as authorized by DA Permit No. 199800436-3 (Section 10: 
Coal River) and other reasonably foreseeable (proposed and authorized but not 
constructed) surface mining projects within the Coal River sub-basin are constructed.  
This cumulative effects analysis also takes into consideration the past and present mining 
projects within the sub-basin and sub-watershed, and the extent to which they have 
affected the current baseline conditions within the sub-basin and sub-watershed (see 
Figure 14).   
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Figure 14:  Illustration of the types of disturbance currently found in the Coal River sub-basin. 

As has been described in Section IV.A.2., the Coal River sub-basin and the Spruce Fork 
sub-watershed are already impacted by mining activity.  Based upon the National Land 
Cover Database (NLCD) change product for 1992-2001 and WVDEP’s GIS mining files, 
more than 257 past and present surface mining permits have been issued in the Coal 
River sub-basin, which collectively occupy more than 13% of the land area (see Figure 
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13). In the Spruce Fork sub-watershed, more than 34 past and present surface mine 
permits have been issued, which collectively occupy more than 33% of the land area.  
The proposed project will affect an additional 2,278 acres (3.56 mi2), which is equivalent 
to approximately 2.8% of the Spruce Fork sub-watershed. This percentage of land cover 
affected by surface mines will continue to increase in the Coal River sub-basin, as 
additional projects are proposed and authorized.  

A 1997 WVDEP ecological assessment of the Coal River sub-basin indicated that 
because the sub-basin is becoming increasingly impaired due to stressors such as mining, 
there is a need to protect the remaining quality resources, highlighting the need to 
“[l]ocate and protect the few remaining high quality streams in the Coal River 
watershed.…”   Pigeonroost Branch and Oldhouse Branch, two of the streams directly 
affected by the proposed action, are high quality resources that support an exceptionally 
high number of mayfly taxa, both within the Central Appalachian Region and statewide 
(see Appendix 1).  By directly impacting these streams, which serve as refugia for aquatic 
life and potential sources for recolonizing nearby waters, the proposed action will be 
likely to have a significant cumulative effect on the aquatic ecosystem integrity in the 
sub-basin.   

EPA is aware of at least 11 additional mining operations either proposed or authorized 
but not constructed in addition to Spruce No.1 in the Coal River sub-basin. Construction 
of valley fills and other discharges authorized by DA Permit No 199800436-3 (Section 
10: Coal River) along with these additional projects in the Coal River Sub-basin, if 
constructed, would directly impact approximately 29.4 miles of stream channels, and 
would be likely to have significant secondary and cumulative effects on downstream 
waters in the Coal River sub-basin.  Impacts from these projects can be expected to 
include reduced freshwater dilution, reduced headwater stream functional inputs, 
increased discharges of pollutants from the valley fills, including total dissolved solids 
(TDS) and selenium, and the potential to contribute to existing impairments within the 
Spruce Fork watershed and the Coal River sub-basin.    

The Little Coal watershed contains 98 miles of impaired streams (33% of the streams in 
the watershed), and the Coal River sub-basin has 743 miles of impaired streams (30% of 
the streams in the sub-basin).  WVDEP has listed these stream segments for selenium and 
biological impairment.  The additional fills associated with the proposed action, in 
combination with past and present mining by the applicant and other mining in the sub-
basin, will likely cause or contribute to significant cumulative adverse impacts to the 
stream resources in the Coal River sub-basin, and will likely contribute to current water 
quality impairments within the sub-basin.   

Preliminary results from current research based upon WVDEP data show a strong 
correlation between the percentage of a watershed that is disturbed by mining activity and 
downstream conductivity levels (see Figure 15).    
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DA Permit No. 199800436-3 (Section 10: Coal River) would likely have unacceptable 
adverse effects on wildlife.  DA Permit No. 199800436-3 (Section 10: Coal River) 
authorizes construction of valley fills and sedimentation ponds and other discharges into 
Pigeonroost Branch and Oldhouse Branch that will bury approximately 6.6 miles of high 
quality headwater streams. Pigeonroost Branch and Oldhouse Branch support diverse and 
healthy biological communities comparable with conditions in nearby White Oak Branch, 
recognized by WVDEP as supporting least-degraded, reference quality conditions.  
Pigeonroost Branch and Oldhouse Branch represent streams within the larger Spruce 
Fork sub-watershed and Coal River sub-basin that remain relatively free of water quality 
degradation.  As such, Pigeonroost Branch and Oldhouse Branch are valuable in and of 
themselves and within the context of the Spruce Fork sub-watershed and Coal River sub-
basin. 
 
As currently authorized the DA Permit discharges to Pigonroost Branch and Oldhouse 
Branch would bury wildlife that live in those streams or within the footprint of the valley 
fills and minethrough areas. Other wildlife will lose important headwater stream habitat 
on which they depend for all or part of their lifecycles.  
 
Wildlife impacts from the activities authorized by the permit will not be limited to direct 
burial of wildlife.  Burial of Pigeonroost Branch and Oldhouse Branch would likely result 
in effects to downstream waters and downstream wildlife caused by the removal of 
functions performed by the buried resources and by transformation of the buried areas 
into sources that contribute contaminants to downstream waters. In addition, currently 
authorized discharges to Pigeonroost Branch and Oldhouse Branch would be likely to 
contribute to conditions that would support blooms of golden algae that release toxins 
that kill fish and other aquatic life would likely contribute to conditions that would 
support blooms of golden algae that release toxins that kill fish and other aquatic life. 
 
Particularly in light of the high quality of the impacted resources, it is unlikely that the 
CMP for the project would offset these impacts.  The proposed on-site created streams 
will be unlikely to replace the physical, chemical, and especially biological functions of 
Pigeonroost Branch and Oldhouse Branch.   
 
For these reasons, I find that discharges to Pigeonroost Branch and Oldhouse Branch as 
currently authorized by DA Permit No. 199800436-3 (Section 10: Coal River) would be 
likely to have unacceptable adverse effects on wildlife.   
 
Region III notes that, in addition to the adverse effects that form the basis of this 
Recommended Determination, there are other impacts about which Region III continues 
to have concerns.  To the extent that discharge of excess spoil outside jurisdictional 
waters, deforestation, and other activities associated with the project depend upon 
specification of Pigeonroost Branch and Oldhouse Branch as disposal sites, adverse 
impacts on wildlife would likely  result from those dependent activities.  In addition, 
impacts from the project will contribute to cumulative impacts from multiple surface 
mining activities in the Coal River sub-basin.  Region III continues to be concerned 
regarding environmental justice issues. 
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Accordingly, pursuant to Section 404(c) of the Clean Water Act and its implementing 
regulations at 40 C.F.R. Part 231 and for the reasons set forth herein, it is my 
recommendation that the specification embodied in DA Permit No. 199800436-3 
(Section 10: Coal River) of Pigeonroost Branch and Oldhouse Branch as disposal sites 
for discharges of dredged and/or fill material for construction of the Spruce No. 1 Surface 
Mine be withdrawn. 
 
 
Dated:          September 24, 2010        ____________________________________ 
      Shawn M. Garvin 
      Regional Administrator 
      EPA Region III 
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• Deer hunting is the most popular hunting and fishing-related public use on the refuges.  
Hunting programs also offer opportunities to take dove, waterfowl, rabbits, squirrels, 
raccoons, other fur bearers, turkey, and feral swine.  Large portions of the refuges are 
accessible by all-terrain vehicles on designated trails, which are only available for 
hunting and fishing purposes.  

• Waterfowl hunting is the second most popular hunting and fishing-related public use on 
the refuges.  Records obtained through hunter use card returns on Panther Swamp NWR 
indicate that approximately 1,000 people hunt waterfowl each year depending on 
waterfowl abundance which is dependent on available rainfall, backwater flooding and 
riverine sources for food and rest areas. The proposed pump project will result in 
reductions in spring flooding, which will reduce the quality and quantity of waterfowl 
habitat during the remainder of the year.  This would cause waterfowl to disperse to other 
locations on and off the affected area of the refuge.  Hunters will then seek alternate areas 
causing a negative impact to waterfowl hunting on the NWR and the local economy.  

• Fishing is the third most popular hunting and fishing-related public use on the refuges.  
There are numerous lakes and streams suitable for fishing on the refuges, and boat ramps 
are available on Panther Swamp NWR.  In 2007, 3,000 visits were associated with 
fishing within the affected area of Panther Swamp NWR.  Most of this is subsistence 
angling by economically disadvantaged people in the local area.  Further degradation of 
the fishery anticipated as a result of the proposed project would reduce quality fishing 
opportunities on Panther Swamp NWR dramatically impacting local anglers.  

 
The FWS fully anticipates that the proposed project’s adverse impacts to fish and wildlife habitat 
values on the four NWR’s in the Yazoo Backwater Area would adversely impact visitation and 
recreational opportunities, as well as environmental education and interpretation opportunities at 
these refuges – particularly as examples of remaining intact Lower Mississippi Alluvial Valley 
bottomland hardwood ecosystems.  Although EPA does not cite impacts to recreation as a basis 
for this Final Determination, it is likely that these impacts would be significant. 
 
B.  Environmental Justice    
 
In recognizing that minority and/or low-income communities frequently may be exposed 
disproportionately to environmental harms and risks, EPA is committed to protecting these 
burdened communities from adverse human health and environmental effects, consistent with 
Executive Order 12898 (EO), “Federal Actions to Address Environmental Justice in Minority 
Populations and Low-Income Populations (Feb. 11, 1994).”  The main provision of EO 12898 
states that “To the greatest extent practicable and permitted by law,…each Federal agency shall 
make achieving environmental justice part of its mission by identifying and addressing, as 
appropriate, disproportionately high and adverse human health or environmental effects of its 
programs, policies, and activities on minority populations and low-income populations”  (EO 
12898, Section 1-101). 
 
During its NEPA review of the Yazoo Backwater Area Project, the Corps included an 
environmental justice (EJ) analysis, conducted pursuant to EO 12898, in the FSEIS (FSEIS, 
Appendix 8 – Problem Identification/Socio-Econ Profile/Environmental Justice).  Because EO 
12898 directs agencies to implement its provisions “consistent with, and to the extent permitted 
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by, existing law” (EO 12898, Section 6-608), the scope of an EJ analysis is directly tied to the 
statutory and regulatory authority for the federal agency action.  When the Corps reviews a 
project to determine whether to grant authorization under CWA section 404, it conducts a broad 
“public interest review” based on an evaluation of the “probable impacts, including cumulative 
impacts, of the proposed activity and its intended use on the public interest” (33 CFR 320.4).  In 
addition, under NEPA, the Corps examines the environmental effects, including human health, 
economic and social effects, of the project (33 CFR 230.1 and 230.4; 40 CFR 1508.8 and 
1508.14). 25  Thus, in conducting its EJ analysis for the Yazoo Backwater Area Project the scope 
of the Corps’ authority was broad and it considered a wide range of environmental, social and 
economic factors.  
 
The Corps’ EJ analysis discusses the general demographics of the project area, potential flood 
protection and potential economic development that could accrue from the project within 
communities with potential EJ concerns.  EPA commends the Corps for including the EJ analysis 
in the FSEIS.  However, the Corps EJ analysis may convey a message to members of 
communities with potential EJ concerns that specific flood control and economic development 
benefits will follow the completion of the project.  Given the communities’ expectations of the 
benefits of the project, EPA believes that it is appropriate to discuss the proposed benefits of the 
project that EPA believes may not be realized.  
 
The Corps has not demonstrated which surrounding communities will be protected and which 
will remain subject to flooding after the project is completed.  Since publication of the FSEIS, 
the Corps has provided EPA with Corps flood maps and GIS data indicating the location of 
structures within the 10-, 50-, and 100-year floodplains of the project area.  According to the 
Corps’ maps, most structures within the sparsely populated project area will not be protected 
from future flooding while a portion of the structures will benefit from the project.  However, the 
maps do not include elevation information, structure type (i.e., residence, business, farm 
building, garage, etc.), whether the structures are habitable, and if so occupied or vacant, or what 
proportion of these structures are owned/occupied by residents with potential EJ concerns.  
Without the inclusion of the relative proximity of susceptible minority and/or low-income 
populations to the floodplains, it is impossible to know whether any such communities will be 
protected against 1-year, 2-year, or 100-year floods. 
 
The Corps has not fully analyzed the impact of this project on potential economic development 
in communities with potential EJ concerns. According to the FSEIS, the primary economic 
benefits that may accrue from this project are from increased agricultural production.   However, 
the primary agricultural beneficiaries have declined over 50 years from 2,913 farmers who 
owned 140 acres each to 192 farmers who own 2,036 acres each.  While farm land use has 
increased in the area, earnings and overall contribution to the local economy have declined from 
42 percent in 1969 to 17.4 percent by 2000 (FSEIS, Appendix 8, Table 8-23).  The substantial 
decrease in small farms and farmers and the increased mechanization and industrialization within 
the project area may impact farm ownership and farm employment opportunities for members of 
communities with potential EJ concerns.  Moreover, instead of resulting in additional farming 
jobs, post-project farm employment may continue to decrease due to greater opportunities for 

                                                 
25 The requirements of NEPA do not apply to EPA when taking an action under 404(c). See CWA section 511(c)(1).  
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intensified farming and increased access to drier land, which may further promote the use of 
greater mechanization.  
 
In the Proposed Determination, EPA Region IV raised concerns that the FSEIS did not address 
potential adverse impacts to populations that depend on subsistence fishing and/or hunting.  EO 
12898 states that “[i]n order to assist in identifying the need for ensuring protection of 
populations with differential patterns of subsistence consumption of fish and wildlife, Federal 
agencies, whenever practicable and appropriate, shall collect, maintain, and analyze information 
on the consumption patterns of populations who principally rely on fish and/or wildlife for 
subsistence” (EO 12898, Section 4-4).  
 
The project sponsor’s comments on EPA’s Proposed Determination and Recommended 
Determination stated that the Yazoo Backwater Area is sparsely populated and very few people 
rely on subsistence hunting or fishing.  The Corps stated that it does not believe that the proposed 
project would adversely impact subsistence fishing and/or hunting as it relates to communities 
with potential EJ concerns.  Recent studies conclude that subsistence fishing and hunting in the 
Mississippi Delta is conducted by members of communities with potential EJ concerns (Brown, 
Xu and Toth 1998).  EPA notes that those practices could be affected by the proposed project’s 
adverse impacts on the areas’ fisheries and wildlife resources.  Brown and Toth (2001) state that 
“[t]he rich natural resource base of the [MS] Delta is accessed extensively and in some cases 
intensively by local residents.”  Brown and Toth also state that white subsistence fishers in the 
Mississippi Delta eat over 100 pounds of fish a year, while African American subsidence fishers 
may consume fish at even greater numbers.  As evidence of current subsistence fishing and/or 
hunting, EPA received comments from FWS; conservation organizations (e.g., American Rivers, 
Gulf Restoration Network, National Wildlife Federation, National Audubon Society, etc.); and 
private citizens, stating that low-income and minority residents in the Yazoo Backwater Area 
rely on fish and other wildlife, taken from the project area, to supplement their food sources and 
income and can be classified as subsistence fishers and/or hunters.  FWS stated “[i]n 2007, 3,000 
visits were associated with fishing within the affected area of Panther Swamp NWR [in the 
Yazoo Backwater Area].  Most of this is subsistence angling by economically disadvantaged 
people in the local area.  Further degradation of the fishery anticipated as a result of the project is 
expected to reduce quality fishing opportunities on Panther Swamp NWR and this will have a 
dramatic impact to the local anglers.”  Given EPA’s conclusion above that the proposed project 
would significantly degrade critical habitat for over 50 species of fish and other wildlife in the 
Yazoo Backwater Area and the impacts to the wetlands, fish and wildlife resources cannot 
adequately be mitigated, it is likely the project could adversely impact minority and/or low-
income populations that depend on the Yazoo Backwater Area’s natural resources for 
subsistence.  
 
The project sponsor contends that, because the studies cited above were based on surveys made 
prior to the issuance of a fish advisory by the Mississippi Department of Environmental Quality 
in June of 2001, none of the data can be applied to the use of subsistence fishing by minorities 
today.  The 1998 and 2001 studies on subsistence fishing and hunting in the Mississippi Delta 
provide evidence that subsistence fishing by minorities has historically occurred and support 
EPA’s conclusion, based on comments received from the FWS and several conservation 
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organizations and individuals that subsistence fishing does in fact occur presently in the Yazoo 
Backwater Area. 
 
Again, EPA commends the Corps for including the EJ analysis in the FSEIS for the proposed 
project; however, EPA believes the Corps has not demonstrated the project would provide the 
proposed benefits of flood protection and economic development, specifically to members of 
communities with potential EJ concerns in the Yazoo Backwater Area.  Additionally, when 
determining the project would benefit members of communities with potential EJ concerns, the 
Corps did not examine whether the proposed project would adversely impact minority and/or 
low-income populations that depend on the Yazoo Backwater Area’s natural resources for 
subsistence. 
 
Like the Corps, EPA has met with the members of local communities with potential EJ concerns 
and listened to their concerns and expectations regarding the Yazoo Backwater Area Project.  
The members of communities with potential EJ concerns with whom EPA met expressed a 
strong belief, based on the proposed benefits touted by the project sponsor, that the project would 
protect their homes and property against flooding and bring economic development, jobs, and a 
return of residents to the area.  However, as noted above, these project benefits have not been 
demonstrated.  EPA is very sensitive to the importance of providing improved flood protection 
for the people living and working in the project area, which includes minority and low-income 
populations.  Although EPA's section 404(c) determination would effectively prohibit the 
construction of the pumps as proposed, the Agency continues to believe there are alternatives 
that can provide improved flood protection or mitigation of flood damage to the communities 
within the Yazoo Backwater Area and EPA remains fully committed to participating in 
discussions with other federal and state agencies, and the public, to identify a solution for 
reducing flood damages in the Yazoo Backwater Area.   
 
An EPA action pursuant to CWA section 404(c) should also consider the EJ impacts of the 
Agency’s action under EO 12898.  Given the Agency’s commitment to environmental justice, 
during the section 404(c) process it examined, to the greatest extent practicable and permitted by 
law, any “disproportionately high and adverse human health or environmental effects” that may 
result from undertaking a 404(c) action in the context of the Yazoo Backwater Area Pumps 
Project. 
 
The federal agency action that EPA is reviewing in the context of EO 12898 in this case is EPA’s 
utilization of section 404(c) to preserve the fish and wildlife resources of the Yazoo Backwater 
Area by protecting important habitat.  In the context of section 404(c), review of the Agency’s 
action under EO 12898 is unique since EPA is not the permitting authority. 
 
As stated above, the scope of an EJ analysis is directly tied to the statutory and regulatory 
authority for the federal agency action.  Under CWA section 404(c), EPA is authorized to 
prohibit, restrict, or deny the specification of a defined area as a disposal site for the discharge of 
dredged or fill material into waters of the United States only when it determines that the 
discharge would have an unacceptable adverse effect on “municipal water supplies, shellfish 
beds and fishery areas (including spawning and breeding areas), wildlife, or recreational areas.”  
Thus, when EPA examines whether there are any “disproportionately high and adverse human 
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health or environmental effects,” in the context of a section 404(c) action, EPA examines the 
potential effects prohibiting the discharge will have on the “municipal water supplies, shellfish 
beds and fishery areas, wildlife and recreational areas” (“404(c) resources”) of the project site.  
EPA then examines whether those effects, if any, of the section 404(c) action on the 404(c) 
resources will have a “disproportionately high and adverse human health or environmental 
[effect]” on “minority populations and low-income populations” of the project area.     
 
Applying the analysis above, EPA examined the potential effects of prohibiting the proposed 
project on the 404(c) resources that are located in the Yazoo Backwater Area and what effect that 
would have, if any, on members of communities with potential EJ concerns.  EPA’s section 
404(c) action, by prohibiting the project, is preventing any impact to the 404(c) resources.  With 
no project and no unacceptable adverse effect on the 404(c) resources, there are no 
disproportionately high and adverse human health or environmental effects on the minority or 
low-income populations of the project area.  
 
As stated above, EPA has questions on whether there would be substantial economic 
development or flood control benefits that would specifically go to members of communities 
with potential EJ concerns in the Yazoo Backwater Area.  However, even if there were, 
economic development and flood control are outside the scope of 404(c) and thus outside the 
scope of EPA’s EJ review under EO 12898.  EPA’s authority under 404(c) is limited to 
prohibiting, restricting, or denying the specification of any defined area as a disposal site for the 
discharge of dredged or fill material into waters of the United States only when it determines that 
the discharge would have an unacceptable adverse effect on 404(c) resources.  A section 404(c) 
review does not involve a balancing of environmental benefits against non-environmental costs, 
such as the benefits of the foregone project (see 44 FR 58078).  EPA wants to make clear that 
while economic development and flood control are outside the scope of section 404(c), and thus 
an EJ review conducted in the context of section 404(c), the Agency acknowledges the 
importance of providing improved flood protection to all community members in the project 
area, including members of communities with potential EJ concerns.  As previously stated, EPA 
remains fully committed to participating in discussions with other federal and state agencies, and 
the public, to identify a solution for reducing flood damages in the Yazoo Backwater Area. 
 
For the reasons stated above, EPA concludes that its section 404(c) determination will not have a 
disproportionately high and adverse human health or environmental effects on minority or low-
income populations of the project area.   
 
C.  Project Alternatives   
 
The FSEIS evaluates ten alternatives, including four alternatives with combined structural and 
nonstructural features, one completely structural alternative, four primarily nonstructural 
alternatives, and the “no action” alternative.  The completely structural alternative (Plan 3 in the 
FSEIS) and all of the combination alternatives (Plans 4 through 7) include a 14,000 cfs pump 
station.  They vary with respect to pump-on elevation (i.e., between 80 and 91 feet, NGVD), 
nonstructural features (except for Plan 3), and operational plans for the Steele Bayou control 



"Meays, Cindy ENV:EX" 
<Cindy.Meays@gov.bc.ca> 

11/24/2010 01:00 PM

To Greg Pond

cc "Christopher G Ingersoll", david_buchwalter

bcc

Subject RE: chronic studies mtm

Thank you very much Greg.  I appreciate any information that is available! I will check out the website 
that you sent me.
 
Cheers,
Cindy
 
 

Cindy Meays, Ph.D., R.P.Bio., P.Ag. 
Water Quality Science Specialist 
Water Protection & Sustainability Branch 
Environmental Sustainability Division

BC Ministry of Environment 
Victoria, BC 
 

Telephone: 250 387-9507 
Cindy.Meays@gov.bc.ca 
 
 
 
From: Pond.Greg@epamail.epa.gov [mailto:Pond.Greg@epamail.epa.gov] 
Sent: Wednesday, November 24, 2010 9:15 AM
To: Meays, Cindy ENV:EX
Cc: Christopher G Ingersoll; david_buchwalter@ncsu.edu
Subject: Re: chronic studies mtm
 
Hello Cindy,  we have conducted numerous chronic tests of C. dubia from MTM effluents, but had not 
tried to isolate SO4.  It is true that SO4 is the dominant ion in the waters though (~60-70%), but 
interactions w/ other ions in our data are not well-understood.  Ive cc'd Chris Ingersoll from USGS and 
Dave Buchwalter from NC State who are working with us on synthesized salt solutions (mimicking the 
MTM effluents minus the metals) on a variety of test organisms.  These data are not releasable at this 
time as they have not been completed.  However, these researchers might have additional insights for 
you on SO4 from their works and knowledge.   

Two thoughts I'd like to convey is that (1) the published work by Dave Soucek on Hyalella and acute SO4 
toxicity probably does not apply to the naturally dilute forested streams in Appalachia and their 
indigenous fauna--I'd assume BC might have similar dilute waters that native fauna are adapted to.  The 
second thought is on an approach used by EPA-ORD in a draft conductivity benchmark (
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=220171).  They used a very large field collected 
dataset to model extirpation concentrations of specific conductance to develop SSD's. The approach has 
received considerable merit from EPA's Science Advisory Board but the final reviews and edits to the 
document have not been completed.  I think the approach could be used w/ individual ions like SO4. 

Sorry that this is all I can offer at this time, 



Greg 

Greg Pond
Office of Monitoring and Assessment
U.S. EPA Region 3
1060 Chapline Street, Suite 303
Wheeling, WV  26003-2995
(p) 304-234-0243
(f)  304-234-0260
pond.greg@epa.gov
Visit our website at http://epa.gov/reg3esd1/3ea50.htm 

From: "Meays, Cindy ENV:EX" <Cindy.Meays@gov.bc.ca> 
To: Greg Pond/R3/USEPA/US@EPA 
Date: 11/23/2010 12:57 PM 
Subject: chronic studies mtm

 

Dear Dr. Pond,
I was reviewing your paper that was written in J.N. Am. Benthol. Soc. (2008) 
looking at the downstream effects of mountaintop coal mining. You mention that 
you are also conducting some chronic studies looking at mining effluents. Did 
you conduct any chronic sulphate studies? I am in the process of updating the 
BC water quality guideline for sulphate and any additional information would 
be useful especially for macroinvertebrates.

Thank you very much!

Cindy

Cindy Meays, Ph.D., R.P.Bio, P.Ag.
Water Quality Science Specialist
Ministry of Environment
Victoria, BC
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Keehner/DC/USEPA/US 

11/29/2010 08:44 AM

To Christopher Hunter

cc David Evans, Brian Frazer

bcc

Subject Fw: Request for OEJ Assistance with the Spruce Mine 404(c) 
review

----- Forwarded by Denise Keehner/DC/USEPA/US on 11/29/2010 08:44 AM -----

From: Charles Lee/DC/USEPA/US
To: Denise Keehner/DC/USEPA/US@EPA
Cc: Christopher Hunter/DC/USEPA/US@EPA, Tanya Code <Code.Tanya@epamail.epa.gov>, Suzi 

Ruhl/DC/USEPA/US@EPA, Lisa Garcia/DC/USEPA/US@EPA, Heather 
Case/DC/USEPA/US@EPA

Date: 11/29/2010 07:42 AM
Subject: Re: Request for OEJ Assistance with the Spruce Mine 404(c) review

Hi Denise

I am just returning from FEI for a month, so I am still trying to get on top of things.  I am also moving on to 
new responsibilities as the Deputy Associate Assistant Administrator for Environmental Justice.  I will be 
in charge of guiding the implementation of Plan EJ 2014, the Agency's overarching EJ strategy.

With respect to your request regarding the Spruce Mine 404(c) review, I have informed both Suzi Ruhl 
and Heather Case, Acting OEJ Director, and they will follow up with you. 

Additionally, I would like to you if you have been in touch with Janet McCabe (OAR) or CarolAnn Siciliano 
(OGC).  They are the co-chairs of Plan EJ 2014's Permitting Work Group.  The Spruce Mine 404 review 
and other MTM issues can be important parts of that WG's agenda.  I will give you a call on this.

Regards,
Charles 

**************************************************************
Charles Lee
Deputy Associate Assistant Administrator for Environmental Justice
Office of Enforcement and Compliance Assurance
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW (MC 2201A)
Ariel Rios Building South, Room 2226
Tel:   202-564-2597
Fax:  202-564-1624

NOTICE: This communications may contain privileged or other confidential information.  If you are not the 
intended recipient, or believe that you have received this communications in error, please delete the copy 
you received and do not print, copy, retransmit, disseminate, or otherwise use the information contained 
herein.  Thank you.

Denise Keehner 11/23/2010 10:20:01 AMHello Charles, As you are probably aware, Offic...

From: Denise Keehner/DC/USEPA/US
To: Charles Lee/DC/USEPA/US@EPA
Cc: Suzi Ruhl/DC/USEPA/US@EPA, Christopher Hunter/DC/USEPA/US@EPA, Tanya Code 

<Code.Tanya@epamail.epa.gov>
Date: 11/23/2010 10:20 AM
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If you have any questions about the Spruce FD, please contact Chris Hunter or Brian Frazer in the 
Wetlands Division.

Thanks for your help,

Denise

Denise Keehner 
Director
Office of Wetlands, Oceans, and Watersheds
Phone:  202-566-1146; Fax:  202-566-1147
Street address: 1301 Constitution Ave., N.W.
Room 7130E
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I. Executive Summary 
 
The Spruce No. 1 Mine as currently authorized Department of the Army (DA) Permit No. 
199800436-3 (Section 10: Coal River), is one of the largest mountaintop mining projects 
ever authorized in West Virginia.  If it is fully constructed, it will disturb approximately 
2,278 acres and bury approximately 7.48 miles of streams.   
 
As the phrase suggests, "mountaintop mining" involves removing the top of a mountain 
in order to recover coal seams contained within the mountain.  Explosives are used to 
break apart the mountain's bedrock, and earth-moving equipment is used to remove the 
excess rock, soil, and debris (called "spoil") that formerly had composed the portions of 
the mountain above and immediately below the coal seams.  The fractured material is 
larger in volume than when it was intact, fused bedrock within the mountain.  The 
amount of spoil that may be placed on the mined area is also limited due to stability 
concerns.  Hence mountaintop mining generates large quantities of "excess spoil" (i.e., 
volumes of rock, soil, and debris that cannot be placed back in the mined area) that are 
deposited in valleys, thereby burying streams that flow through those valleys.    In this 
case, if the Spruce No. 1 Mine is constructed as currently authorized, it will bury 
headwater stream ecosystems under 110 million cubic yards of excess spoil. 
 
The Spruce No. 1 Mine has a lengthy and complex history.  The DA Permit No. 
199800436-3 (Section 10: Coal River) (DA Permit) was issued by the US Army Corps of 
Engineers, Huntington District (Corps) in January 2007 authorizing the Mingo Logan 
Coal Company to construct six valley fills, associated sedimentation structures, and other 
discharges of fill material to the Right Fork of Seng Camp Creek, Pigeonroost Branch, 
Oldhouse Branch, and their tributaries.  Due to litigation and an agreement with 
environmental groups, operations have been limited to the Seng Camp Creek watershed 
and as part of that agreement one valley fill is partially constructed.   
 
Throughout review of the project, the U.S. Environmental Protection Agency has raised 
concerns regarding adverse impacts to the environment.  Additionally, data and 
information have become available since permit issuance, which have confirmed EPA’s 
earlier concerns regarding the potential for adverse water quality impacts, the potential 
for cumulative impacts, the availability of further avoidance and minimization measures 
and problems with the proposed mitigation measures. 
 
On April 2, 2010, the U.S. Environmental Protection Agency Region III (EPA Region III 
or Region III) published in the Federal Register a Proposed Determination to prohibit, 
restrict or deny the specification or the use for specification (including withdrawal of 
specification) of certain waters at the project site as disposal sites for the discharge of 
dredged and/or fill material for the construction of the Spruce No. 1 Mine.  Region III 
took this step because it believed, despite the regulatory review intended to protect the 
environment, that discharges authorized by DA Permit No. 199800436-3 (Section 10: 
Coal River) could destroy wildlife habitat and cause significant degradation of 
downstream aquatic ecosystems and therefore could have unacceptable adverse effects on 
wildlife. 
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A public hearing was conducted on May 18, 2010.  Region III received over 100 oral 
comments and over 50,000 written comments both supporting and opposing its Proposed 
Determination.  Region III has carefully considered the comments received and 
conducted additional analysis, which will be described herein, before rendering this  
Recommended Determination. 
 
Based on the foregoing analysis and upon consideration of the public comments received 
in response to Region III's proposed determination, Region III believes that discharges of 
dredged and/or fill material to Pigeonroost Branch and Oldhouse Branch for the purpose 
of constructing the Spruce No. 1 Surface Mine as currently authorized by DA Permit 
would likely have unacceptable adverse effects on wildlife.  For this reason, it is the 
recommendation of the Regional Administrator that the specification embodied in DA 
Permit No. 199800436-3 (Section 10: Coal River) of Pigeonroost Branch and Oldhouse 
Branch as disposal sites for discharges of dredged and/or fill material for construction of 
the Spruce No. 1 Surface Mine be withdrawn. 
 
The goal of protecting water quality, plant and animal habitat, navigable waters, and 
other downstream resources requires as its first step the protection of headwater streams.  
Headwater streams perform services similar to those performed by capillaries in the 
human circulatory system.  They are the largest network of waterbodies within our 
ecosystem and provide the most basic and fundamental building blocks to the remainder 
of the aquatic and human environment.  As set forth herein, Pigeonroost Branch and 
Oldhouse Branch represent some of the very few remaining streams within the Spruce 
Fork sub-watershed and the Coal River sub-basin that represent “least degraded” 
conditions.  They support diverse and healthy biological communities.  As such, they are 
valuable in and of themselves and within the context of the Spruce Fork sub-watershed 
and Coal River sub-basin. 
 
As currently authorized by DA Permit discharges of excess spoil to Pigeonroost Branch 
and Oldhouse Branch would bury those streams and their tributaries and the wildlife that 
live within them.  Other wildlife would lose important headwater stream habitat on which 
they depend for all or part of their lifecycles.  
 
In addition, the construction of valley fills, sedimentation ponds and other discharges into 
Pigeonroost Branch and Oldhouse Branch authorized by the DA Permit would likely 
have adverse impacts on downstream waters and wildlife living outside the footprint of 
the fill.  These adverse impacts would be caused by the removal of functions performed 
by the buried resources and by transformation of the buried areas into sources that 
contribute contaminants to downstream waters.  In addition, discharges to Pigeonroost 
Branch and Oldhouse Branch as currently authorized would likely contribute to 
conditions that would support blooms of golden algae that release toxins that kill fish and 
other aquatic life. 
 
Based on these impacts, Region III has determined that discharges to Pigeonroost Branch 
and Oldhouse Branch as authorized by DA Permit No. 199800436-3 (Section 10: Coal 
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River) would likely have unacceptable adverse effects on wildlife.  Particularly in light of 
the high quality of the impacted resources, it is unlikely that the compensatory mitigation 
plan (CMP) for the project would offset these impacts.  The proposed on-site created 
streams would be unlikely to replace the physical, chemical, and especially biological 
functions of Pigeonroost Branch and Oldhouse Branch.   
 
There are other impacts that, while not forming the basis of the Recommended 
Determination, are of concern to the Region.  To the extent that discharge of excess spoil 
outside jurisdictional waters, deforestation, and other activities associated with the project 
depend upon specification of Pigeonroost Branch and Oldhouse Branch as disposal sites, 
there are likely to be other adverse impacts from those dependent activities.  In addition, 
impacts from the project will contribute to cumulative impacts from multiple surface 
mining activities in the Coal River sub-basin.  There are also concerns regarding 
environmental justice.   
 
II. Introduction 
 
This document explains the basis for the EPA Region III recommendation to withdraw 
the specification of Pigeonroost Branch, Oldhouse Branch and their tributaries (all of 
which are waters of the United States) within Logan County, West Virginia as a disposal 
site for dredged or fill material in connection with construction of the Spruce No. 1 
Surface Mine (Spruce No. 1 Mine or the project) as currently authorized by DA Permit 
No. 199800436-3 (Section 10:  Coal River)(DA Permit or permit) (See Figure 3).  While 
the DA Permit also authorizes construction of valley fills and other discharges to the 
Right Fork of Seng Camp Creek and its tributaries, Region III is not recommending 
withdrawal of specification of those waters in part because some of those discharges have 
already occurred. 
 
EPA Region III is recommending that action be taken under section 404(c) of the Clean 
Water Act (CWA) because the Region believes that the discharges to Pigeonroost Branch 
and Oldhouse Branch and their tributaries for the purpose of constructing Spruce No. 1 
Mine as currently authorized by the DA Permit would likely have unacceptable adverse 
effects on wildlife.  Pigeonroost Branch and Oldhouse Branch and their tributaries are 
some of the last remaining streams within the Spruce Fork sub-watershed and the larger 
Coal River sub-basin that represent “least degraded” conditions.  As such, they perform 
important hydrologic and biological functions, support diverse and productive biological 
communities, contribute to prevention of further degradation of downstream waters, and 
play an important role within the context of the overall Spruce Fork sub-watershed and 
Coal River sub-basin.  The Spruce No. 1 Mine as currently authorized would bury 
virtually all of Oldhouse Branch and its tributaries and much of Pigeonroost Branch and 
its tributaries under excess spoil generated by mountaintop removal surface coal mining 
operations.  Region III does not believe that the anticipated effects of the burial of all of 
Oldhouse Branch and much of Pigeonroost Branch will be offset by the proposed 
mitigation because it will not replace the chemical, physical and biological functions of 
the lost aquatic resources.   
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In addition, this recommendation considers the adverse impacts from mining-related 
activities, such as deforestation, that are associated with the discharge of excess spoil to 
areas outside the jurisdictional waters to the extent that these activities necessarily depend 
upon specification of Pigeonroost Branch and Oldhouse Branch for the construction of 
valley fills and sedimentation ponds.  Moreover, the discharges associated with the 
Spruce No. 1 Mine will contribute to a cumulative adverse impact to the Spruce Fork 
sub-watershed, the Little Coal River watershed and the Coal River sub-basin.  Finally, the 
Region continues to be concerned that potential issues related to disproportionate and 
high impact on the local population from construction of the Spruce No. 1 Mine have not 
been fully considered. 
  
The next Section provides an overview of the Section 404(c) procedures, describes the 
Spruce No. 1 Mine as authorized, and summarizes the history of the project.  Section IV 
describes the environmental characteristics of the project area, specifically Pigeonroost 
Branch and Oldhouse Branch, and the overall Coal River sub-basin. Section V examines 
the anticipated impacts from the Spruce No. 1 Mine as currently authorized.  Consistent 
with Section 404(c), this discussion will focus on impacts to wildlife.  Section VI will 
discuss other considerations, including impacts from activities associated with the Spruce 
No. 1 Mine that do not include direct discharges of dredged and/or fill material to 
jurisdictional waters but which may depend upon authorization of such discharges, and 
that are likely to cause direct and cumulative impacts to the environment and to local 
communities.  Section VII describes EPA Region III's conclusions and recommendations. 
 
III. Background 
 
 A. Section 404(c) Procedures 
 
The CWA, 33 U.S.C. §§ 1251 et seq., prohibits the discharge of pollutants, including 
dredged or fill material, into waters of the United States (including wetlands) except in 
compliance with, among other provisions, Section 404 of the CWA, 33 U.S.C. § 1344. 
Section 404 authorizes the Secretary of the Army (Secretary), acting through the Chief of 
Engineers, to authorize the discharge of dredged or fill material at specified disposal 
sites. This authorization is conducted, in part, through the application of environmental 
guidelines developed by EPA, in conjunction with the Secretary, under section 404(b) of 
the CWA, 33 U.S.C. § 1344(b) (Section 404(b)(1) Guidelines). Section 404(c) of the 
CWA, 33 U.S.C. § 1344(c), authorizes the EPA to prohibit the specification (including 
the withdrawal of specification) of any defined area as a disposal site.  EPA is authorized 
to restrict or deny the use of any defined area for specification (including the withdrawal 
of specification) as a disposal site, whenever it determines, after notice and opportunity 
for public hearing, that the discharge of such materials into such area will have an 
unacceptable adverse effect on municipal water supplies, shellfish beds and fishery areas 
(including spawning and breeding areas), wildlife, or recreational areas. 
 
The procedures for implementation of Section 404(c) are set forth in 40 CFR Part 231. 
Under those procedures, if the Regional Administrator has reason to believe that use of a 
site for the discharge of dredged or fill material may have an unacceptable adverse effect 
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on one or more of the aforementioned resources, he may initiate the section 404(c) 
process by notifying the U.S. Army Corps of Engineers (Corps) and the applicant (and/or 
project proponent) that he intends to issue a Proposed Determination. Each of those 
parties then has fifteen days to demonstrate to the satisfaction of the Regional 
Administrator that no unacceptable adverse effects will occur, or that corrective action to 
prevent an unacceptable adverse effect will be taken. If no such information is provided 
to the Regional Administrator, or if the Regional Administrator is not satisfied that no 
unacceptable adverse effect will occur, the Regional Administrator will publish a notice 
in the Federal Register of his Proposed Determination, soliciting public comment and 
offering an opportunity for a public hearing. 
 
Following the public hearing and the close of the comment period, the Regional 
Administrator will decide whether to withdraw the Proposed Determination or prepare a 
Recommended Determination. A decision to withdraw may be reviewed at the discretion 
of the Assistant Administrator for Water at EPA Headquarters. If the Regional 
Administrator prepares a Recommended Determination, he then forwards it and the 
administrative record compiled in the Regional Office to the Assistant Administrator for 
Water at EPA Headquarters. The Assistant Administrator makes the Final Determination 
affirming, modifying, or rescinding the Recommended Determination. 
 
This document represents the third step in the process and explains the basis for EPA 
Region III’s Recommended Determination. 
 
 B. Project Description 
 
The Spruce No. 1 Mine as currently authorized by DA Permit No. 199800436-3 
(Section 10: Coal River), is one of the largest mountaintop mining projects ever  
authorized in West Virginia.  As currently authorized, it will disturb approximately 2,278 
acres (about 3.5 square miles) and bury approximately 7.48 miles of streams.  By way of 
comparison, the project area would take up a sizeable portion of the downtown area of 
Pittsburgh, PA (Figure 1). 
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Figure 1 Spruce No. 1 Mine compared to downtown Pittsburgh, PA. 
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The project as authorized is located in the East District of Logan County, West Virginia 
at Latitude 38°52'39" and Longitude 81°47'52" depicted on the United States Geological 
Survey 7.5-minute Clothier and Amherstdale Quadrangles (Figure 2). The mine site is 
located approximately two miles northeast of Blair, in Logan County, West Virginia in 
the Central Appalachian ecoregion (Bryce, S.A., J.M. Omernik, and D.P. Larsen. 1999). 
http://www.epa.gov/wed/pages/ecoregions.htm 

 
Figure 2: Spruce No. 1 mine location 
 
According to the Environmental Impact Statement (EIS) prepared by the Corps in 2006 
(Spruce No. 1 EIS) for the project, the Spruce No. 1 project is a mountaintop mining 
project targeting bituminous coal seams overlying and including the Middle Coalburg 
coal seam in the western portion of the project area. In the eastern portion of the project 
area, mountaintop mining would be limited to those seams including and overlying the 
Upper Stockton seam, with contour mining in conjunction with auger and/or 
highwall/thin-seam mining utilized to recover the Middle Coalburg seam.   
 
As the phrase suggests, "mountaintop mining" involves removing the top of a mountain  
to recover coal seams contained within the mountain.  Explosives are used to break apart 
the mountain's bedrock and earth-moving equipment is used to remove the excess rock, 
soil and debris (called “spoil”) that formerly had composed the portions of the mountain 
above and immediately below the coal seam.  The fractured material is larger in volume 
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than when it was intact, fused bedrock within the mountain.  The amount of spoil that 
may be placed back on the mined area is also limited due to stability concerns.  Hence 
mountaintop mining generates large quantities of "excess spoil" that cannot be placed 
back in the mined area.  The “spoil” is then deposited in valleys, thereby burying streams 
that flow through those valleys.   
 
The Spruce No. 1 EIS describes the project impacts as a disturbance of a total of 2,278 
acres to recover seventy-five percent (75%) of the coal reserve targeted for extraction 
within the project area during fifteen (15) phases.  The mining process would remove 400 
to 450 vertical feet from the height of the mountain, about 501 million cubic yards of 
overburden material.  Nearly 391 million cubic yards of spoil would be placed within the 
mined area (i.e., back on the mountain) and the remaining 110 million cubic yards of 
excess spoil would be placed in six valley fills, burying all or portions of the Right Fork 
of Seng Camp Creek, Pigeonroost Branch, and Oldhouse Branch and their tributaries 
(hereafter, references to Seng Camp Creek, Pigeonroost Branch, and Oldhouse Branch 
also include all tributaries to those waters that would be impacted by the project as 
authorized). Specifically, the DA Permit authorizes construction of Valley Fills 1A and 
1B in Seng Camp Creek; Valley Fills 2A, 2B, and 3 in Pigeonroost Branch; and Valley 
Fill 4 in Oldhouse Branch, and numerous sedimentation ponds, mined-through areas and 
other fills in waters of the U.S (Figure 3).  A detailed discussion of Spruce No. 1 project 
can be found in the Spruce No. 1 EIS on pages 2-35 through 2-61. 
 



 14

 
Figure 3. Spruce No. 1 Mine and associated valleyfills. 
 
The Spruce No.1 Mine Surface Mining Control and Reclamation Act (SMCRA) Permit 
S-5013-97, Incidental Boundary Revision (IBR4, Modification 11) describes impacts 
from the project as including placement of dredged and fill material into approximately: 
 
 0.12 acre of emergent wetlands 
 10,630 linear feet (1.83 acres) of ephemeral stream channels (all permanent),  
 28,698 linear feet (6.12 acres) of intermittent stream channels  

o (26,184 linear feet [5.77 acres] permanent  
o 2,514 linear feet [0.35 acre] temporary) 

 165 linear feet (0.034 acre) of perennial stream channel (all temporary), 
 

While Region III is providing the foregoing summary from the SMCRA Permit S-5013-
97 IBR for descriptive purposes, as set forth in more detail in Section V.C.2. below, 
Region III believes that the description provided in the Spruce No. 1 SMCRA Permit and 
in the Spruce No. 1 EIS incorrectly characterizes stream resources that will be impacted, 
as described further below.  
 
The project as authorized also includes compensatory mitigation to offset adverse project 
impacts. EPA’s concerns with the November 2006 compensatory mitigation plan (CMP) 
submitted by the permittee will be described in Section V.C. 
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 C. Project History 
 
This project has a lengthy and complex regulatory history.  The Spruce No. 1 Mine was 
originally advertised as operated by Hobet Mining Inc., a subsidiary of Arch Coal, 
Inc.1  The project as originally proposed in 1998, was larger than the currently authorized 
project and would have directly impacted a total footprint area of 3,113 acres and 57,755 
linear feet (more than ten miles) of stream (not including indirect impacts to remaining 
downstream waters). At that time, the Corps tendered and ultimately withdrew a 
nationwide permit for the project, and the permittee, Mingo Logan, advised the Corps it 
would submit an individual permit application.  An Environmental Impact Statement was 
prepared for the Spruce No. 1 project by the Army Corps of Engineers Huntington 
District pursuant to the National Environmental Policy Act, 42 U.S.C. 4332(C). The 
original project application also launched events that led to the Interagency Mountaintop 
Mining/Valley Fills in Appalachia Programmatic Environmental Impact Statement which 
was finalized in October 2005 (PEIS). The PEIS is available at 
www.epa.gov/Region3/mtntop/eis2005.htm.  
 
An initial 2002 Spruce No. 1 Draft Environmental Impact Statement (EIS) considered a 
proposed project that was similar in scope and size to the original project described 
above.  Region III’s review of the 2002 Draft Environmental Impact Statement found 
gaps in the analyses of the mine and related adverse environmental impacts. Region III  
was particularly concerned by the lack of information regarding the nature and extent of 
impacts to the high quality streams that would be buried under valley fills, and 
recommended additional evaluation to support the analysis of less environmentally 
damaging alternatives. EPA Region III, in a letter dated August 12, 2002, indicated the 
EIS contained inadequate information for public review and for decision-makers. 
 
In 2006, a revised Spruce No. 1 Draft EIS was prepared.  At that time, the project was 
reconfigured to reduce impacts. The Mingo Logan, revised the mine plan to eliminate 
construction of a valley fill in White Oak Branch, a high quality stream (see Section 
IV.A. below) and the project area was reduced from 3,113 to 2,278 acres with direct 
stream impacts reduced to 7.48 miles.  
 
In our June 16, 2006, comment letter on the 2006 Draft EIS, EPA Region III recognized 
that impacts from the mine had been reduced and the quality of EIS information had 
improved. However, the letter also noted that EPA had remaining environmental 
concerns associated with the Spruce No. 1 Mine, including potential adverse impacts to 
water quality (specifically, the potential to discharge selenium and the known correlation 
between similar mining operations and degradation of downstream aquatic communities), 
uncertainties regarding the proposed mitigation, need for additional analysis of potential 
environmental justice issues, and lack of study related to the cumulative impact of 
multiple mining operations within the Little Coal River watershed.  EPA continued to 

                                                 
1 Effective December 31, 2005, Arch Coal, Inc. transferred Spruce No. 1 Mine 
holdings and responsibilities to its Mingo Logan Coal Company (Mingo Logan) 
subsidiary. 
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stress its belief that corrective measures should be required to reduce environmental 
impacts and that other identified information, data, and analyses should be included in the 
final EIS. 
 
Concerns regarding the Spruce No. 1 project were also raised by the U.S. Fish and 
Wildlife Service (USFWS), Ecological Services West Virginia Field Office in a letter 
dated May 30, 2006 from the Department of Interior, Philadelphia to the Huntington 
District Army Corps of Engineers. In that letter, the USFWS expressed concerns over the 
permittee’s compensatory mitigation plan. The USFWS stated there was inadequate 
compensatory mitigation  for the project because the assessment methodology 
used by the permittee to evaluate stream impacts considered only the physical 
characteristics of the impacted streams, without considering the equally important 
biological or chemical characteristics. The USFWS expressed concern the project would 
impact healthy, biologically functional streams and the  mitigation included 
erosion control structures designed to convey water that would not replace the streams’ 
lost ecological services. 
 
The Corps issued the Spruce No. 1 Final EIS on September 22, 2006. On October 23, 
2006, EPA commented on the Final EIS, noting that many of EPA's comments had not 
been adequately addressed.  In a letter dated November 30, 2006, EPA offered its 
assistance to the Corps in developing a stream functional assessment protocol and 
willingness to work with Mingo Logan through EPA’s Conflict Prevention and 
Resolution Center to develop a cumulative impact assessment and watershed restoration 
plan for the Little Coal River watershed.   
 
Despite EPA and USFWS concerns on January 22, 2007, the Corps issued a Clean Water 
Act § 404 Permit (DA Permit No. 199800436-3 (Section 10: Coal River)) to Mingo 
Logan for the Spruce No. 1 Mine.  That permit specified the Right Fork of Seng Camp 
Creek, Pigeonroost Branch and its tributaries, and Oldhouse Branch and its tributaries as 
disposal sites for the discharge of dredged and/or fill material from the Spruce No. 1 
Mine.  
 
On January 30, 2007, a number of environmental groups filed a complaint against the 
Corps in federal district court challenging its decision to issue the permit. That litigation 
was stayed for a period of time pending the U.S. Court of Appeals for the Fourth Circuit's 
decision in Ohio Valley Environmental Coalition v. Aracoma Coal Co., 556 F. 3d 177 
(4th Cir. 2009).  Following that decision, the litigation related to the Spruce No. 1 permit 
was reactivated.  The litigation was then stayed again until October 22, 2010 following 
Region III's publication of its Proposed Determination on April 2, 2010. 
 
In early 2007, Mingo Logan commenced limited operations at Spruce No. 1 pursuant to 
their DA Permit No. 199800436-3 (Section 10: Coal River) subject to an agreement with 
the environmental groups who are plaintiffs in the litigation.  Pursuant to that agreement, 
Mingo Logan has been operating in a portion of the project in the Seng Camp Creek 
drainage area, including construction of one valley fill (valley fill 1A).  Under the 
agreement, Mingo Logan must give plaintiffs 20 days notice before expanding operations 
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beyond the area subject to the agreement, and has done so once without objection from 
the plaintiffs.  Mingo Logan's operations in the Seng Camp Creek watershed have 
generated data related to impacts from the project as constructed, including discharge 
monitoring reports submitted to the West Virginia Department of Environmental 
Protection (WVDEP).  These data have been reviewed by Region III. 
 
While the litigation was pending, the scientific literature beagn to reflect a growing 
scientific consensus of the importance of headwater streams, a growing concern about the 
adverse effects of mountaintop removal mining, and concern that impacted streams 
cannot easily be replaced.  Many of these studies are cited in this Recommended 
Determination.  On June 11, 2009, EPA , the Department of the Army, and the 
Department of the Interior entered into a Memorandum of Understanding Implementing 
the Interagency Action Plan on Appalachian Surface Coal Mining, in which the agencies 
agreed to take steps to reduce the harmful environmental consequences of  Appalachian 
surface coal mining.  On April 1, 2010, the U.S. Environmental Protection Agency's 
Office of Research and Development made available for public comment two reports 
titled:  The Effects of Mountaintop Mines and Valley Fills on Aquatic Ecosystems of the 
Central Appalachian Coalfields and A Field-Based Aquatic Life Benchmark for 
Conductivity in Central Appalachian Streams.  On the same day, EPA also published 
interim guidance titled:  Guidance on Improving EPA Review of Appalachian Surface 
Coal Mining Operations under the Clean Water Act, National Environmental Policy Act, 
and the Environmental Justice Executive Order.2 
 
On September 3, 2009, Region III requested the Corps suspend, modify or revoke DA 
Permit No. 199800436-3 (Section 10: Coal River) for discharges associated with the 
Spruce No. 1 Mine.  On September 30, 2009, the Corps of Engineers stated that it would 
not reconsider the permit authorization.  As a result, Region III initiated the Clean Water 
Act Section 404(c) process on October 16, 2009.  Region III communicated with 
representatives of Mingo Logan and the Corps both in person and by telephone and 
electronic mail on several occasions to determine whether corrective action would be 
taken to address Region III’s concerns.  On April 2, 2010, Region III published in the 
Federal Register a Proposed Determination to withdraw specification of Pigeonroost 
Branch and Oldhouse Branch pursuant to CWA section 404(c).  Region III solicited 
public comments on the Proposed Determination and held a public hearing in Charleston, 
West Virginia on May 18, 2010. Region III received over 50,000 comments on the 
Proposed Determination.  Of these approximately 70% of comment letters submitted to 
the docket generally supported EPA’s Proposed Determination while 65% of public 
hearing participants generally opposed EPA’s Proposed Determination. 

                                                 
2 Issuance of this guidance document is mentioned here solely for purposes of describing recent events 
related to EPA's understanding of impacts from Appalachian surface coal mine activities.  The guidance 
provides a framework for EPA review of certain proposed surface coal mining applications.  This 
Recommended Determination is based upon Region III’s review of scientific and other information 
regarding the likely effects from the discharges to Pigeonroost Branch and Oldhouse Branch as authorized 
by DA Permit No. 199800436-3 (Section 10: Coal River).  Region III did not rely upon the April 1 
Guidance in making its Recommended Determination. 
 



 18

 
In addition to its DA Permit No. 199800436-3 (Section 10: Coal River), the project 
received authorizations from the WVDEP, including authorization pursuant to the State’s 
surface mining program approved under the Surface Mining Control and Reclamation 
Act of 1977 (SMCRA), 30 U.S.C. 1201-1328 (SMCRA permit), and a National Pollutant 
Discharge Elimination System (NPDES) permit for discharges of pollutants pursuant to 
Section 402 of the Clean Water Act, 33 U.S.C. 1342.  WVDEP also issued a Clean Water 
Act Section 401 water quality certification. 
 
IV. Characteristics and Functions of the Impacted Resources3 
 
The resources that will be impacted by the Spruce No. 1 Mine include Central 
Appalachian headwater stream ecosystems in Pigeonroost Branch and Oldhouse Branch.  
Those waters have surface connection and flow to Spruce Fork, which in turn flows to the 
Little Coal River, and the Coal River.  Because of the connectivity between headwater 
systems and downstream waters, Spruce Fork, the Little Coal River and the Coal River 
also would be likely to be impacted by discharges to Pigeonroost Branch and Oldhouse 
Branch.  Accordingly, the characteristics and functions of the resources that will be 
impacted by discharges of fill material associated with the Spruce No. 1 Mine are best 
viewed from the perspective of the ecologic functions performed by Appalachian 
headwater stream ecosystems and within the context of the larger Spruce Fork sub-
watershed and Coal River sub-basin. 
 
Headwater streams play an important role in the ecosystem far beyond the mere transport 
of water from one point to another. In many ways, headwater streams are like the 
capillaries within the human circulatory system.  Headwater streams form the largest 
network of waterbodies within the ecosystem and, as the early stages of the river 
continuum, provide the most basic and fundamental building blocks to the remainder of 
the aquatic and human environment.  Appalachian headwaters provide habitat for 
wildlife.  They also are a locus of significant interface between the river system and the 
terrestrial environment.  Appalachian headwater streams and their wildlife inhabitants 
convert organic matter from the surrounding landscape (such as leaf litter) and transform 
it into nutrients and energy that can be transported and consumed by downstream 

                                                 
3 Region III derives its understanding of the potentially impacted resources and the predicted impacts of the 
project from several sources. The Draft (June 2003) and Final (October 2005) Interagency Mountaintop 
Mining/Valley Fills in Appalachia Programmatic EIS (PEIS) represent an important inter-agency effort 
designed to inform more environmentally sound decision-making for future permitting of mountaintop 
mining/valley fills. It had a geographic focus of 12 million acres encompassing most of eastern Kentucky, 
southern West Virginia, western Virginia, and scattered areas of eastern Tennessee, and included the 
Spruce No. 1 project area and the Coal River subbasin.  EPA also consulted information gathered by the 
WVDEP, including an assessment of the Coal River sub-basin conducted in 1997, data collected to support 
the 2006 Coal River sub-basin total maximum daily load (TMDL), and WVDEP and nationally available 
GIS data. EPA also reviewed the 2006 Spruce No.1 EIS, and other sources of data including studies 
conducted by EPA scientists and discharge monitoring reports generated by Mingo Logan. In addition, 
EPA consulted a wide range of peer reviewed studies and literature. EPA Region III also communicated 
with the US Fish and Wildlife Service Elkins Field Office on impacts to fish and wildlife resources in the 
project area.  Appendices to this Recommended Determination (RD) contain more detailed specific data, 
analysis and an index of references. 
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ecosystems.  They also play an important role in storing, retaining and transporting 
nutrients, organic matter, and sediment.  In addition they perform hydrologic functions 
related to downstream flow regimes, moderating flow rate and temperature.  “Value of 
Headwater Streams: Results of a Workshop” from PEIS on MTM/VF (EPA 2003; 
http://www.epa.gov/region03/mtntop/pdf/appendices/d/value-of-headwater-
streams/headwater.pdf); Fischenich, J.C. (2006), Functional objectives for stream 
restoration.  EMRRP Technical Notes Collection (ERDC TN-eMRRP-SR-52 Vicksburg). 
 
As authorized, the Spruce No. 1 Mine would bury under valley fills or impact through 
construction of sedimentation ponds substantially all of Oldhouse Branch and its 
tributaries and a substantial portion of Pigeonroost Branch and its tributaries.  Oldhouse 
Branch and Pigeonroost Branch support ecosystems and conditions consistent with "least 
degraded" conditions in the Coal River sub-basin.  As such, they are valuable in and of 
themselves and for the functions they perform within the context of the Spruce Fork sub-
watershed and the Coal River sub-basin. 
 
 A. Watershed and Stream Conditions 
 
  1. Pigeonroost Branch and Oldhouse Branch 
 
The stream systems that are the subject of this Recommended Determination, Pigeonroost 
Branch and Oldhouse Branch, are healthy stream systems supporting diverse aquatic 
communities as measured by their benthic macroinvertebrate populations. 
 
In a body of water, benthic macroinvertebrates are the bottom-dwelling (benthic) 
organisms that are large enough to be seen without the aid of microscopes (macro) and 
do not have backbones (invertebrate). Freshwater macroinvertebrates, such as mayflies 
and stoneflies, serve as indicators of ecosystem health, and play a vital role in food webs 
and in the transfer of energy in river systems. These organisms convert plant material into 
fats and proteins, food sources critical for maintaining healthy fish and amphibian 
populations, as well as for foraging terrestrial vertebrates such as birds, bats, reptiles, and 
small mammals.  In this ecological niche, macroinvertebrates deliver energy and nutrients 
along the stream continuum. They also clean excess living and nonliving organic material 
from freshwater systems, a service that contributes to the overall quality of the watershed. 
Because of these functions,  macroinvertebrates are essential organisms within the food 
web, supporting the health of the entire aquatic ecosystem. 
 
Macroinvertebrates are also good indicators of watershed health and are used by West 
Virginia and other states in the Mid-Atlantic region and across the U.S. to assess the 
quality of their waters.   They are good indicators because they live in the water for all or 
most of their life cycle.  Macroinvertebrates can be found in all streams, are relatively 
stationary and cannot escape pollution. They also differ in their tolerance to the amount 
and types of pollution. Macroinvertebrate communities integrate the effects of stressors 
over time and some taxa (i.e., taxonomic category or group such as phylum, class, family, 
genus, or species) are considered pollution-tolerant and will survive in degraded 
conditions. Other taxa are pollutant-intolerant and will die when exposed to certain levels 
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of pollution.  Thus, the composition of tolerant and intolerant (i.e., sensitive) 
communities informs scientists about the quality of the water. 
 
In a healthy stream, one would expect to find a high diversity of benthic 
macroinvertebrate taxa and a large number of different taxa including taxa that are more 
sensitive to stressors.  Using the mayfly (Insecta: Ephemeroptera) as an example, some 
genera of mayfly are more sensitive than others.  The presence of a large number of 
individuals from the more sensitive mayfly genera indicates good water quality 
conditions.  Mayflies in particular have long been recognized as important indicators of 
stream ecosystem health. Mayflies are a very important part of the native organisms in 
Appalachian headwater streams and they routinely make up between 30%-50% of the 
insect assemblages in certain seasons. Numerous studies demonstrate that mayfly 
community structure reflects the chemical and physical environment of watercourses 
(e.g., Barber-James et al. 2008; Bauernfeind & Moog 2000).  See Appendix 1 for more detail 
on macroinvertebrates as indicators of water quality. 
 
According to Morse et al. (1997) , the Central Appalachian ecoregion has many endemic 
and rare species of benthic macroinvertebrates in the orders Ephemeroptera (mayflies), 
Plecoptera (stoneflies) and Trichoptera (caddisflies).4  This diversity and unique 
assemblage has been attributed to the unique geological, climatic, and hydrological 
characteristics of this region.  The Spruce No. 1 Mine project area has been found to be 
very rich in macroinvertebrates species.  Data from the PEIS, the Spruce No. 1 EIS and 
from the WVDEP monitoring database indicate that high macroinvertebrate diversity 
exists in  Pigeonroost Branch and Oldhouse Branch.  Data from EPA, WVDEP, and the 
applicant’s consultants (Sturm Env. Services, BMI, Inc.) reveal that collectively, 
Pigeonroost Branch, Seng Camp Creek, and Oldhouse Branch contain a high number of 
mayfly taxa and individuals.  A total of 21 genera (Table 2) have been identified from 
these three headwater streams indicating these systems offer high water quality and 
optimal habitat.   
 
Macroinvertebrate data collected in Oldhouse Branch indicates that the quality of the 
macroinvertebrate community in Oldhouse Branch is in the top 5% of all streams in the 
Central Appalachia ecoregion.  In 1999-2000, EPA collected eighty-five (85) 
macroinvertebrate genera in riffle complexes5 of Pigeonroost Branch and Oldhouse 
Branch.   
 
With respect to mayfly taxa, as many as nine genera have been collected in Oldhouse 
Branch in any one season-specific sample, with an average of seven genera across 
multiple samples. This observation ranks in the 95th percentile of all samples taken in the 
Central Appalachian ecoregion (937 samples) by WVDEP.  Out of more than 4000 

                                                 
4 The orders Ephemeroptera, Plecoptera and Trichoptera (EPT taxa) contain pollution sensitive groups and 
are used by natural resource agencies such as West Virginia Department of Environmental Protection to 
assess watershed health. 
5Riffle and pool complexes are considered special aquatic sites under 40 CFR 230.1(d) and as such the 
degradation or destruction of these sites is considered to be among the most severe environmental impacts 
covered by the 404(b)(1) Guidelines.   
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samples collected statewide in West Virginia, Oldhouse Branch ranks in the 90th 
percentile.  Pigeonroost Branch contained eight mayfly genera in a season-specific 
sample, ranking it among the 90th percentile in the Central Appalachians and 83rd 
percentile statewide from among more than 4000 single-sample observations.  
 
The data are similar for stoneflies.  Data compiled from EPA, WVDEP, and the 
applicant’s consulting firms show that Oldhouse, Pigeonroost, and Seng Camp 
collectively yielded 16 genera of stoneflies (Table 3).  Oldhouse and Pigeonroost both 
had 11 genera.  A single collection in Oldhouse by EPA (Spring 2000) had 9 genera of 
stoneflies which ranks greater than the 98th percentile of all Central Appalachian streams 
sampled by WVDEP (937 samples).  This means that only 2% of stream samples in this 
ecoregion had more stonefly taxa than Oldhouse within a single sampling event.  
Pigeonroost Branch had as many as six stonefly genera in any one season-specific 
sample, ranking it at the 83rd percentile among 937 Central Appalachian streams, and 
72nd percentile statewide. 
 
Water chemistry data for Pigeonroost Branch and Oldhouse Branch also reflect healthy 
streams with little human disturbance.  Data from WVDEP indicate that average 
conductivity values for the unmined streams on the Spruce No. 1 project area are very 
low.  Based on the WVDEP dataset (2002-2003), Oldhouse Branch had an average 
conductivity level of 90 µS/cm, which is below that of White Oak Branch, a nearby 
reference-quality stream, which had an average conductivity level of 118 µS/cm. 
Conductivity levels described above in Oldhouse Branch and White Oak Branch indicate 
excellent water quality, comparable to reference quality streams for this ecoregion. 
Sulfate concentrations in these streams are also low (28 mg/l in Oldhouse and 24 mg/l in 
White Oak Branch).  Pigeonroost Branch had a conductivity level of 199 µS/cm and 
sulfate level of 99 mg/l.  The slightly elevated average conductivity and sulfate values 
reflect the relatively small amount of historical mining landuse in the Pigeonroost 
watershed. 
 
During the December 2008 to March 2010 time frame, discharge monitoring reports 
submitted by the permittee indicate 15 of the 16 selenium measurements at both 
Pigeonroost Branch and Oldhouse Branch were below the detection limit of 0.6 μg/L.  
The single detection of selenium on Oldhouse Branch was 0.9 μg/L during July 2009.  
The single detection of selenium on Pigeonroost Branch was 1.9 μg/L during August 
2009.  These readings are far below West Virginia's numeric chronic water quality 
criterion for selenium of 5 μg/L.  These levels are also significantly lower than levels 
demonstrated immediately downstream of adjacent mining operations, as described 
below. 
 
  2. The Spruce Fork Sub-watershed and the Coal River Sub-basin 
 
The Spruce No. 1 mine is located within the larger Spruce Fork sub-watershed (12-digit 
hydrologic unit code (HUC) and the Coal River sub-basin (8-digit HUC) (Figure 4).  
Pigeonroost Branch and Oldhouse Branch flow to Spruce Fork, which in turn flows into 
the Little Coal River and then into the Coal River.  Oldhouse Branch and Pigeonroost 
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Branch are important within the context of the larger Coal River sub-basin and Spruce 
Fork sub-watershed because they represent some of the few stream systems supporting 
least-degraded conditions within those watersheds.   

 
Figure 4 Spruce Fork sub-watershed (12-digit hydrologic unit code (HUC)) and the Coal River sub-
basin (8-digit HUC) 
 
The Coal River sub-basin encompasses nearly 891 square miles within West Virginia. 
Major tributaries within the Coal River sub-basin include Marsh Fork, Clear Fork, Pond 
Fork, Spruce Fork, and Little Coal River. Marsh Fork and Clear Fork join at Whitesville, 
WV to form the Big Coal River. Pond Fork and Spruce Fork join at Madison, WV to 
form the Little Coal River. Little Coal and Big Coal Rivers join to form the Coal River at 
Forks of the Coal, WV.   The Coal River sub-basin has been impacted by past and present 
surface mining. Based upon the National Land Cover Database (NLCD) change product 
for 1992-2001 and WVDEP’s Geographic Information System (GIS) mining files, more 
than 257 past and present surface mining permits have been issued in the Coal River sub-
basin, which collectively occupy more than 13% of the land area. Some sub-watersheds 
in the Coal River sub-basin have more than 55% of the land occupied by surface mine 
permits.  
 
The Spruce Fork sub-watershed, where the project is located, is a fourth order tributary 
that combines with Pond Fork to form the Little Coal River, which in turn flows into the 
Coal River. Spruce Fork is located in the southwestern portion of the Coal River 
watershed and drains approximately 126.4 square miles. The dominant landuse in the 
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Spruce Fork watershed is forest. Other important landuse types include urban/residential 
and barren/mining land. The Spruce Fork sub-watershed has been impacted by past and 
present surface mining activity. According to WVDEP Division of Mining and 
Reclamation permit maps, within the Headwaters Spruce Fork sub-watershed, where 
Spruce No. 1 is to be located, there are more than 34 past and present surface mine 
permits issued which collectively occupy more than 33% of the land area. Assuming full 
constructions of these projects in addition to known future surface mining permits, more 
than 40% of the land area of the sub-watershed will be affected.   
 
In 1997, the WVDEP performed its first comprehensive ecological assessment of the 
Coal River sub-basin6.  WVDEP assessed three major aspects of watershed health: water 
quality, habitat condition, and benthic macroinvertebrate community status. The 
subsequent report, An Ecological Assessment of the Coal River Watershed (1997), 
indicated that sediments, coal mining and inadequate sewage treatment were the major 
stressors on streams in this watershed. As a part of that assessment WVDEP stated: 
 

High quality streams with minimal human disturbances provide significant and 
even irreplaceable wildlife habitat.  They also provide a tremendous recreational 
resource.  No sites in the Coal River Watershed met the minimum criteria for 
reference site status.  This is the first of 32 watersheds studied in West Virginia 
that produced no potential reference sites.  Researchers conducting the EPA study 
on mountaintop mining, alluded to previously, have found a few small streams 
within the watershed that may meet the reference site criteria.  The Program has 
since adopted one stream, White Oak Branch, (KC-10-T-22), as a reference site.  
Since reference sites reflect least-degraded conditions, it is vital that the WVDEP 
do its part in fulfilling the mission of preserving the high quality of these rare and 
important streams.  It is also important that the agency make a concerted effort to 
find the apparently few remaining streams within the watershed that have not 
been significantly impacted by human disturbances. 
 

White Oak Branch, referenced above in WVDEP's 1997 study, flows to Spruce Fork 
immediately upstream of Oldhouse Branch and Pigeonroost Branch.  As noted above, 
WVDEP has adopted White Oak Branch as a reference site.  WVDEP defines reference 
conditions as those conditions that “describe the characteristics of waterbody segments 
least impaired by human activities and are used to define attainable biological and habitat 
conditions. Final selection of reference sites depends on a determination of minimal 
disturbance, which is derived from physico-chemical and habitat data collected during the 
assessment of the stream sites.”   Reference sites are used to determine the score that 
represents the threshold between impaired and non-impaired sites. 
 
Based on a comparison of their macroinvertebrate communities, Oldhouse Branch and 
Pigeonroost Branch are of comparable quality to White Oak Branch.  Accordingly, 
Oldhouse Branch and Pigeonroost Branch reflect least–degraded conditions and represent 

                                                 
6 Report can be found at 
http://www.dep.wv.gov/WWE/watershed/wqmonitoring/Documents/EcologicalAssessments/EcoAssess_C
oal_1997.pdf 
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some of the few remaining streams within the Coal River sub-basin that have not been 
significantly adversely impacted by human disturbances.   
 
Oldhouse Branch flows into Spruce Fork immediately downstream of White Oak Branch 
and exhibits similar healthy biological diversity and water quality (EPA data). Using the 
West Virginia Stream Condition Index (WVSCI), an assessment method developed for 
use in West Virginia to help evaluate the health of benthic macroinvertebrate 
communities at the family level in wadeable streams,7 both Oldhouse Branch and White 
Oak Branch scored comparably well, meaning that both were of similar quality and 
supporting similar aquatic communities. 
 
Oldhouse Branch and White Oak Branch also score comparably well when the benthic 
macroinvertebrate community is considered at the more sensitive genus (as opposed to 
family) level.  For instance, Oldhouse Branch shared 55 total genera (many of them 
pollution intolerant) with White Oak Branch (EPA data) indicating a diverse and healthy 
aquatic community in Oldhouse Branch similar to the high quality communities of White 
Oak Branch. 
  
Pigeonroost Branch also shares many macroinvertebrate genera (many of them 
pollution intolerant) in common with the high quality community in White Oak Branch, 
indicating that the health of Pigeonroost Branch’s aquatic community is similar. The 
WVSCI assessment of Pigeonroost indicates water quality is relatively good despite the 
presence of localized historic mining in the watershed.  See Section IV.B.1. and 
Appendix 1 for more detail on macroinvertebrates at the Spruce No. 1 mine project site.  
 
The relatively high quality of Oldhouse Branch and Pigeonroost Branch also can be 
demonstrated by comparison to other streams in the Spruce Fork sub-watershed that have 
been impacted by mining operations similar to the Spruce No. 1 Mine.  Four such streams 
are directly northwest of the Spruce No. 1 project, on the west side of Spruce Fork, and in 
part, are impacted by the Mingo Logan Dal-Tex Mining Operation.   Section V.B.2.a 
below compares the health of the relatively unimpacted macroinvertebrate communities 
in Pigeonroost Branch and Oldhouse Branch with the macroinvertebrate communities in 
streams elsewhere within the Spruce Fork sub-watershed that have been impacted by 
mining activity.  By way of summary here, Oldhouse Branch and Pigeonroost Branch 
support a much healthier and more diverse assemblage of benthic macroinvertebrates 
than do the four comparison streams that are impacted by the Dal-Tex operation. 
 
 B. Wildlife 
The ecoregion where the Spruce No. 1 project is be located (Figure 5) has some of the 
greatest aquatic animal diversity of any area in North America, especially for species of 
amphibians, fishes, mollusks, aquatic insects, and crayfishes. Salamanders in particular 
reach their highest North American diversity in the Central Appalachian ecoregion.  
 

                                                 
7 For a more detailed discussion of WVSCI, see Section V.B.2.a.iii. 



 25

 
Figure 5 Central Appalachian Ecoregion 
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The ecoregion where the Spruce No. 1 project is located includes one of the most 
prominent biodiversity hot spots of rarity and richness identified by The Nature 
Conservancy (TNC) (Figure 6).  
 

 
Figure 6: TNC Biodiversity Hotspots 
 
Map adapted from Precious Heritage:  
The Status of Biodiversity in the United States.   
Data from State Natural Heritage Programs and their cooperators.  
Map produced by TNC Eastern Conservation Science GIS, 5/19/00. 
© The Nature Conservancy 

http://www.nature.org/wherewework/northamerica/states/westvirginia/science/ 
 
Individual watersheds and peaks in the Appalachian chain, isolated for millions of years 
with benign environmental conditions, provided a perfect setting for the evolution of 
unique species of plants, invertebrates, salamanders, crayfishes, freshwater mussels, and 
fishes.  These forests represent the center of the earth’s salamander diversity.  Not only 
are there numerous species, but salamanders also are incredibly abundant here, often 
accounting for the most vertebrate biomass in a given patch of forest (Stein et al, 2000).  
It has been documented that other specialized wildlife such as some neotropical migrant 
birds and forest amphibians rely on the natural headwater stream condition and adjacent 
forest types exhibited by Pigeonroost Branch and Oldhouse Branch for maintenance of 
their populations (Stein et al, 2000).  
 
  1. Invertebrates 

 
As set forth above in Section IV.B.1. above, Pigeonroost Branch and Oldhouse Branch 
support diverse and healthy communities of benthic macroinvertebrates.  In terms of its 
mayfly community, Oldhouse Branch ranks in the top 5% in the eco-region and the top 
10% in the State.  Oldhouse Branch’s stonefly community ranks in the top 2% of the 
ecoregion.  Pigeonroost Branch's mayfly community ranks among the top 10% in the co-
region and the top 17 % in the State.  Pigeonroost's stonefly community ranks in the top 
17% in the eco-region and the top 28% third of the State. 
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As described above, benthic macroinvertebrates are the bottom-dwelling (benthic) 
organisms that are large enough to be seen without the aid of microscopes (macro), and 
are not equipped with backbones (invertebrate). Put simply, they are aquatic insects.  In 
addition to serving as indicators of ecosystem health, freshwater macroinvertebrates, 
including mayflies and stoneflies, play a vital role in food webs and in the transfer of 
energy in river systems. These organisms essentially convert plant material into food 
sources (fats and proteins) essential for the maintenance of healthy fish and amphibian 
populations, and for foraging terrestrial vertebrates such as birds, bats, reptiles, and small 
mammals; serving as critical foodchain organisms, vital to the sustenance of healthy 
ecosystems. Because of their productivity and secondary position in the aquatic food 
chain, macroinvertebrates play a critical role in the delivery of energy and nutrients along 
the stream continuum. They also are instrumental in cleaning excess living and nonliving 
organic material from freshwater systems, a service that contributes to the overall quality 
of the watershed. 
 
Macroinvertebrates are indigenous to central Appalachian streams and their naturally 
occurring communities are important components of stream ecosystems.  
Macroinvertebrates are recognized as wildlife by several organizations, including the US 
Fish and Wildlife Service (USFWS), USDA Forest Service, The Nature Conservancy, 
State Natural Heritage programs, and the West Virginia Department for Natural 
Resources (WVDNR).  Currently, within the U.S., the USFWS lists 50 species of insects 
as endangered under the Endangered Species Act (ESA), and another 10 species as 
threatened under the ESA.  Insects represent 10.4 percent of all currently-listed animals 
in the U.S. and 4.4 percent of all listed species, including plants 
(http://ecos.fws.gov/tess_public/pub/boxScore.jsp).  Several dozen other insects are 
candidates for listing under the ESA, including the Sequatchie caddisfly (Glyphopsyche 
sequatchie), a trichopteran found in Tennessee. 
 
The State of West Virginia also considers insects to be wildlife, and includes insects on 
its list of rare, threatened and endangered species.  Many aquatic insects are listed, 
including: 12 species of stoneflies, two species of mayflies, and 73 species of dragonflies 
and damselflies (West Virginia Natural Heritage Program 2007).  Scientists and 
environmental consultants who collect benthic macroinvertebrates in West Virginia must 
obtain a wildlife collection permit from WVDNR.  
 
Mayflies are most popularly known among fly-fishermen, where anglers rely on the 
seasonal hatches of mayflies that coincide with catching trout and other game fish 
species.  Not only do trout rely on mayflies and stoneflies, but a group of colorful benthic 
fishes known as Darters (Percidae) feed primarily on mayflies. A dietary study of small 
stream fishes in the Appalachian coalfields of Kentucky (Lotrich 1973) showed that gut 
contents of several darters contained mostly mayflies. Darters are an important part of the 
fish assemblage and many are hosts for mussel larvae. Several darter species inhabit 
Spruce Fork in the immediate vicinity of the project area. Table 1 identifies the mayfly 
genera that have been identified in the Spruce No. 1 mine permit area. 
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Salamanders are an important ecological component in the mesic (medium precipitation) 
forests of the ecoregion and are often the most abundant group of vertebrates in both 
biomass and number (Burton and Lykens, 1975; Hairston, 1987). Ecologically, 
salamanders are intimately associated with forest ecosystems acting as predators of small 
invertebrates and serving as prey to larger predators (Pough et al., 1987). Some species of 
salamanders split their lives between forests and headwaters and depend on a close 
connection to move between the two (Petranka, 1998).     

Moler and Franz (1987) cite the work of Burton and Likens (1975) and Gosz et al. (1978) 
in New Hampshire who suggest an important role for amphibians in energy cycling.  
Burton and Likens (1975) found that the biomass of salamanders was about double that 
of birds during the peak birding season and about equal to the biomass of small 
mammals.  Gosz et al. (1978) found that salamanders and shrews were the most 
important vertebrates preying on the invertebrates of the forest floor.  They estimated that 
birds consumed 6.5 times, and shrews 4.7 times, the amount of food energy consumed by 
the salamander community.  However, because the warm-blooded birds and shrews 
expended 98% of their energy intake on metabolic maintenance compared to only 40% 
for the salamanders, salamanders contribute 4.6 (shrews) and 6.3 (birds) times as much 
biomass to the available prey base, making them an important component of the 
foodweb. 

With respect to the immediate project area, stream-dwelling salamanders have been 
surveyed in White Oak Branch (USFWS, unpublished data, 2004).  White Oak Branch 
had good numbers of Northern Dusky (9 adult, 7 larvae), Appalachian Seal (15 adult, 12 
larvae), and Two Lined salamanders (1 adult and 15 larvae).  These numbers represent 
densities in a 12 square meter plot that includes dry and wetted portions of the stream 
channel.  Because Oldhouse Branch and Pigeonroost Branch are very close 
geographically and have similar features as White Oak Branch, salamander populations 
in Pigeonroost and Oldhouse Branch can be expected to be similar to those in White Oak 
Branch.  Williams (2003) found mean densities within reference reaches of Pigeonroost, 
Bend Branch (another tributary of Spruce Fork), and Ash Fork (a tributary of Gauley 
River) at more than six salamanders per square meter.  In the Williams’ study, the 
majority of the total catch of salamanders was found in Pigeonroost.8  Using these 
numbers from White Oak Branch and Pigeonroost, EPA estimates aquatic salamanders 
are indeed abundant (~5-6 per square meter) along stream channels in Pigeonroost 
Branch and Oldhouse Branch.   

 

 

                                                 

8 Williams (2003) data from the WV MTM region also showed that while more individuals were found in 
the lower 1st-2nd order reaches, slightly more species (8 spp.) were actually found in the upper intermittent 
reaches. 
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3. Fish 
 
Fish communities change with watershed size and respond to gradients of physical 
habitat and chemistry.  The fish assemblages in Pigeonroost Branch and Oldhouse 
Branch are typical of headwater streams, containing only a few species.  The fish 
assemblages in Spruce Fork are in relatively good condition. Spruce Fork is a locally 
important rock bass and smallmouth bass fishery.  These fish assemblages are not 
representative of pristine conditions and it is likely that some of the more sensitive 
species may have been historically extirpated from past anthropogenic activities, 
including mining. 
 
In an analysis of fish community data from Spruce Fork, Region III assessed the small 
streams immediately impacted by the Spruce No. 1 permit and three reaches of Spruce 
Fork: 1) Upstream of Seng Camp, 2) Seng Camp to Spruce Laurel, and 3) Downstream of 
Spruce Laurel.  Other data analyzed included data collected for the Programmatic 
Environmental Impact Statement (PEIS) for Mountaintop Mining/Valley Fills. (see 
Stauffer and Ferreri, 2002 and Fulk et al. 2003); unpublished data included in the West 
Virginia Department of Natural Resources database (including USEPA, WVDNR, and 
consulting firm data); and data from Decota Consulting (consultants for Mingo Logan) 
supplied to the WVDNR collecting permit program.  The data consisted of samples that 
were intended for community assessment and were judged to have sufficient numbers of 
individuals to render a fair assessment.  Fish community data can be difficult to analyze 
and oftentimes the absence of species may be due to zoogeography (how they were 
distributed in response to past geological events) or due to stressors over time in the 
watershed.  Some of these stressors may still be apparent and some may not. 
 
The fish found in Pigeonroost Branch, Oldhouse Branch, and White Oak Branch are 
typical of small streams in the Coal River Basin.  They do not indicate impairment, nor 
do they indicate reference conditions.  EPA compared samples collected for the PEIS in 
1999 and more recent data collected by Decota Consuting from 2008 and 2009.  When 
sampled for the PEIS, Pigeonroost Branch had been affected by drought and only 
blacknose dace and creek chubs were present.  These species are tolerant of disturbance 
and are headwater species adapted to drought.  White Oak Branch also was sampled for 
the PEIS at the same time.  It too was drought-affected and contained only blacknose 
dace at the time of the PEIS sampling in 1999.  No samples were collected in Oldhouse 
Branch for the PEIS.   
 
More recent data indicates that Pigeonroost Branch also has a population of mottled 
sculpin, and at times smallmouth bass and stonerollers. More recent data from White Oak 
Branch indicates that creek chubs are also present in good numbers and mottled sculpin 
are rare (only 1 individual captured).  Data from Oldhouse Branch indicates that 
blacknose dace and creekchubs are the only species present.   
 
For the PEIS, Fulk et al. (2003) used the Mid-Atlantic Highlands (MAHA) Index of 
Biotic Integrity (IBI - a multi-metric index used to assess biotic health), with some minor 
modification, to assess the impacts of MTM/VF to fish assemblages.  Using this same 
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index, the assemblage upstream of Seng Camp Creek ranged from fair to excellent 
condition. 
 
The fish assemblage in the mainstem of Spruce Fork is in relatively good condition.  
Spruce Fork is a locally important rock bass and smallmouth bass fishery. Rock Bass and 
Smallmouth Bass are moderately sensitive gamefish species. While sampling Spruce 
Fork in 2010, recreational fishing was observed in the lower reaches of the stream and 
there was evidence of fishing in the upper reaches as well.  Species present in Spruce 
Fork upstream and downstream of Seng Camp Creek are typical of streams of this size 
within the Coal River Basin and have not changed appreciably over the last 60 years.  
 

4. Birds9 
 
Many terrestrial bird species depend on the headwater streams like those of the Spruce 
Fork for their survival. The ecotone (transition area) between terrestrial and aquatic 
habitats results in diverse flora and fauna. For example, unique avifauna assemblages can 
be found along the riparian zone of headwater streams.   
 
Among the many migratory birds likely to breed in the project area, there are six species 
that the USFWS has designated as Birds of Conservation Concern (BCC) within the 
Appalachian Mountains Bird Conservation Region (AMBCR).  These include the 
cerulean, Kentucky, Swainson’s and worm-eating warblers, the wood thrush, and the 
Louisiana waterthrush.  The first five of these are also designated as BCC species within 
the USFWS’s Northeast Region as a whole and nationally (USFWS 2008).  The first four 
are also considered to be among the 100 most at-risk bird species in North America 
(Wells 2007).   
 
The Louisiana waterthrush (Seirus motacilla), a neotropical migrant song bird, is 
considered an obligate headwater riparian songbird (an example of water-dependent 
wildlife) because its diet is comprised predominantly of immature and adult aquatic 
macroinvertebrates found in and alongside headwater streams and because it builds its 
nest in the stream banks. Breeding waterthrushes nest and forage primarily on the ground 
along medium- to high-gradient, first- to third-order, clear, perennial headwater streams 
flowing through closed-canopy forest. Good water quality is a key component of the 
species breeding habitat. Headwater streams like Pigeonroost Branch and Oldhouse 
Branch that support healthy macroinvertebrate communities are food sources for species 
such as the Louisiana waterthrush. 
 
The Appalachian Mountain Bird Conservation Region (AMBCR), which extends from 
southeastern New York south to northern Alabama, is thought to support a substantial 
portion of the Louisiana waterthrush’s breeding population, perhaps as much as 45 
percent. West Virginia, the only state that lies entirely within the AMBCR, encompasses 
the largest contiguous area of high relative breeding abundance over the species’ entire 
breeding range, based on North American Breeding Bird Survey (BBS) data from 1994- 

                                                 
9 Much of the discussion related to avian and bat species is based upon communications with the U.S. Fish 
and Wildlife Service. 
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2003. The West Virginia population may serve as a source for populations elsewhere in 
the breeding range. The Louisiana waterthrush is also an area-sensitive species, requiring 
undisturbed forest tracts of 865 acres to sustain a population (Robbins, C.S., J.R. Sauer, 
RS. Greenburg, and S. Droege. 1989). The most effective management protocol for the 
Louisiana waterthrush would appear to be protection of forest tracts and water systems 
inhabited on both breeding and wintering areas particularly moderate- to high-gradient 
headwater streams, which compose 75-80% of stream length in a typical watershed. 
 
Bird species that rely on mature forest habitats that are on the Audubon watch list as 
declining species and are listed as probable in the area include the Swainson warbler 
 (Limnothlypis swainsonii), Kentucky warbler (Oporornis formosus), and Cerulean 
warbler (Dendroica cerulean).  
 
The Cerulean warbler in particular is considered an area-sensitive species; it is thought to 
require large (greater than 30 sq miles) tracts of mature interior forest habitat to support 
stable breeding populations. This species is a canopy-foraging insectivorous neotropical 
migrant songbird that breeds in mature deciduous forests with broken, structurally-
diverse canopies across much of the eastern United States and winters in middle 
elevations of the Andes Mountains of northern South America. Important among a 
number of breeding season constraints are the loss of mature deciduous forest, 
particularly along stream valleys, and fragmentation and increasing isolation of 
remaining mature deciduous forest. The cerulean warbler appears to be more sensitive 
than most other North American birds to landscape-level changes in habitat. The USFWS 
has designated the cerulean warbler a Species of Management Concern and a Species of 
Conservation Concern throughout its range. It has also been preliminarily designated by 
the Appalachian Mountains Joint Venture as a Species of Highest Conservation Priority 
within the Appalachian Mountains Bird Conservation Region, which encompasses West 
Virginia. The AMBCR is thought to support about 80 percent of the species’ entire 
breeding population, and the AMBCR breeding population likely functions as a source 
for populations elsewhere in the breeding range. 
 
The Acadian flycatcher (Empidonax virescens) is commonly encountered throughout the 
Central Appalachian Ecoregion, but despite the large expanse of existing forest habitat, it 
is primarily restricted to forested tracts with understory vegetation along small headwater 
streams, where it can feed on emergent aquatic insects.  Spruce Fork and its tributaries 
meets these habitat requirements. Neotropical migrant songbirds are also often attracted 
to headwater streams for breeding areas because of the diversity of the habitat and the 
availability of emergent aquatic insects. 
 

5. Bats 
 
Thirteen species of bats are found in West Virginia. Most North American bats are 
insectivorous, which capture their prey by foraging in flight, catching flying insects 
from a perch, or collecting insects from plants. 
 
Different species of bats often have distinct life history traits and behaviors. Some bats 
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are solitary and hang in tree foliage, attics, barns, and other protected places during the 
day. Other bats are colonial and cluster in caves and mine tunnels. Bats have one of the 
slowest reproductive rates for animals their size. Most bats in northeastern North 
America have only one or two pups a year and many females do not breed until their 
second year. This low reproductive rate is somewhat offset by a long life span, often over 
20 years. The little brown bat, common in North America and in West Virginia, is the 
world’s longest lived mammal for its size, with a maximum life-span over 32 years. 
During the winter, some bats migrate south in search of food, while others hibernate 
through the cold weather when insects are scarce. Bats that do migrate usually travel less 
than 200 miles, often following the same routes as migratory birds. 
 
Species that have potential to be found in the area of south-Central West Virginia that 
encompasses the Spruce No. 1 Mine include the northern bat (Myotis septentrionalis), big 
brown bat (Eptesicus fuscus), red bat (Lasiurus borealis), eastern small-footed bat 
(Myotis leibii), Virginia big-eared bat (Corynorhinus townsendii virginianus), northern 
long-eared bats (Myotis septentrionalis) and the Indiana bat (Myotis sodalis).  
 
Both the Indiana and Virginia big-eared bats are listed as endangered under the 
Endangered Species Act.  The USFWS was also recently petitioned to list the eastern 
small-footed bats and the northern long-eared bats under the ESA.  Five eastern small-
footed bats and 16 northern long-eared bats were captured during mist net surveys 
conducted at the Spruce No. 1 project site in 2004, representing 7.6 and 24.2 percent, 
respectively, of all bats captured (U.S. Army Corps of Engineers Huntington District 
2006, DEIS Spruce No. 1 Mine. Appendix M).   
 
Indiana bats have been described as once one of the most common mammals in the 
Eastern United States. Between 1960 and 2004, biologists have documented a 56 percent 
population decline in Indiana bats. Indiana bats feed solely on emerged aquatic and 
terrestrial flying insects. They are habitat generalists and their selection of prey reflects 
the environment in which they forage. In a study in the Allegheny Mountains, activity in 
non-riparian upland forest and forests in which timber harvest had occurred was low 
relative to forested riparian areas. This evidence suggests that the forested riparian zones 
of the project area would be more suitable habitats for Indiana bat populations than active 
or restored mining sites. 
 
Mist net surveys were conducted in the project area in 2000 and 2004, and no Federally-
listed bats were captured.  Although the capture of bats confirms their presence, failure to 
catch bats does not absolutely confirm their absence (U.S. Fish and Wildlife Service 
2007, pg. 252).  The project area occurs roughly half-way between known hibernacula in 
northeastern Kentucky and southeastern West Virginia.  Since the most recent surveys at 
the Spruce No. 1 site, maternity roosts have been documented in central and north-central 
Boone County.  Additionally, a juvenile Indiana bat was captured on August 9, 2010 in 
southwest Fayette County, indicating the presence of a maternity colony in that area. 
 

 
C. Summary 
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Based on the foregoing, EPA Region III finds that Pigeonroost Branch and Oldhouse Branch 
contain important wildlife resources and habitat. The Region bases its conclusion on several 
factors including the similarity of Pigeonroost Branch and Oldhouse Branch to the reference 
quality White Oak Branch and therefore they support conditions representing some of the last 
remaining least degraded streams and riparian areas within the Spruce Fork sub-watershed 
and the Coal River sub-basin.   
 
V. Basis for Recommended Determination 
 

A. Section 404(c) Standards 
 
Section 404(c) provides: 
 

The Administrator is authorized to prohibit the specification (including the 
withdrawal of specification) of any defined area as a disposal site, and he is 
authorized to deny or restrict the use of any defined area for specification 
(including the withdrawal of specification) as a disposal site, whenever he 
determines, after notice and opportunity for public hearings, that the discharge of 
such materials into such area will have an unacceptable adverse effect on 
municipal water supplies, shellfish beds and fishery areas (including spawning 
and breeding areas), wildlife, or recreational areas. Before making such 
determination, the Administrator shall consult with the Secretary. The 
Administrator shall set forth in writing and make public his findings and his 
reasons for making any determination under this subsection. 

 
While EPA strongly prefers to initiate the Section 404(c) process prior to issuance of a 
permit, Section 404(c) and EPA's implementing regulations authorize EPA to initiate the 
Section 404(c) process after a permit has been issued by withdrawing specification of a 
disposal site.   See 40 CFR 231.1(a); see also definition of "withdraw specification," 40 
CFR 231.2(a).  In this case, consistent with Section 404, Pigeonroost Branch and 
Oldhouse Branch were specified as disposal sites in DA Permit No. 199800436-3.  
 
Section 404(c) does not define the term "unacceptable adverse effect."  EPA’s regulations 
at 40 CFR 231.2(e) define “unacceptable adverse effect” as: 
 

Impact on an aquatic or wetland ecosystem which is likely to result in significant 
degradation of municipal water supplies or significant loss of or damage to 
fisheries, shellfishing, or wildlife habitat or recreation areas. In evaluating the 
unacceptability of such impacts, consideration should be given to the relevant 
portions of the Section 404(b)(1) Guidelines (40 CFR Part 230). 

 
For purposes of the Spruce No. 1 mine, the relevant portions of the Section 404(b)(1) 
Guidelines that are particularly important for assessing the unacceptability of 
environmental impacts include:   
 

 Less environmentally damaging practicable alternatives (230.10(a)) 
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 Water quality impacts (230.10(b)) 
 Significant degradation of waters of the United States (230.10(c)) 
 Minimization of adverse impacts to aquatic ecosystems (230.10(d)) 
 Cumulative effects (230.11(g)); and 
 Secondary effects (230.11(h)) 

 
The purpose of the Clean Water Act is to “restore and maintain the physical, chemical, 
and biological integrity of the Nation’s waters.” 33 U.S.C. 1251(a). Part of the concept 
of protecting the “biological integrity” of the Nation’s waters is protection of the 
indigenous, naturally occurring community. This goes beyond protecting the function 
performed by various members of the aquatic community and extends to protection of the 
quality of the aquatic community itself.  See Alameda Water & Sanitation District v. 
EPA, 930 F. Supp.486 (D. Colo. 1996). 
 

B. Adverse impacts from specification of Pigeonroost Branch and Oldhouse Branch 
as disposal sites for discharges of dredged and/or fill material from the Spruce 
No. 1 Mine 

 
The impacts from the specification of Pigeonroost Branch and Oldhouse Branch as disposal 
sites for discharges of dredged and/or fill material from the Spruce No. 1 Mine will occur 
through several different pathways. 
 
First, direct impacts will occur as a result of  the discharge of fill (excess spoil, minethrough, 
and construction of valley fills), which will bury much of Pigeonroost Branch and Oldhouse 
Branch and eliminate the buried ecosystems, including all wildlife living in those streams.  
Burial of Pigeonroost Branch and Oldhouse Branch also will eliminate habitat for wildlife 
that depend upon those streams.  Loss of the buried portions of Pigeonroost Branch and 
Oldhouse Branch will impact wildlife that depend on those headwater streams for all or part 
of their lifecycles and adversely affect adults, juveniles, larvae, and/or eggs.   
 
In addition, adverse impacts will occur to wildlife that live outside the footprint of the fills 
and sedimentation ponds.  Discharges of fill material into Pigeonroost Branch and Oldhouse 
Branch will have the effect of removing those streams as sources of freshwater dilution and 
adversely affect the delivery of headwater stream ecosystem functions to downstream waters.  
Studies have shown a strong correlation between the construction of valley fills for surface 
coal mining in Applachia and significant adverse impact on downstream macroinvertebrate 
communities.  
 
There is also a likelihood that the discharges authorized by DA Permit No. 199800436-3 
(Section 10: Coal River) into Pigeonroost Branch and Oldhouse Branch will transform those 
areas into sources of contaminants (particularly conductivity and selenium) contributing to 
degradation of downstream waters.  The project as authorized also has the potential to 
contribute to conditions that would support blooms of golden algae that release toxins that 
can kill fish and other aquatic life.   
 
To evaluate the impacts of the Spruce No. 1 project, Region III has consulted the PEIS and 
available data and literature documenting impacts from similar projects.  Region III also has 
examined impacts caused by the portion of the Spruce No. 1 Mine that has already been 
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constructed in the Seng Camp Creek watershed (specifically, Valley Fill 1A).  In addition, 
Region III reviewed the nearby Mingo Logan Dal-Tex operation. Based on location and 
similarity of geology and minerals, impacts from the Mingo Logan Dal-Tex operation are 
likely to be a good predictor of impacts from the Spruce No. 1 Mine.  This was 
acknowledged by the Huntington District Corps of Engineers in the Spruce No. 1 EIS, which 
stated: “The past and present impacts to topography, geology, and mineral resources of the 
previous mining along the western side of Spruce Fork are similar to the anticipated impacts 
of the Spruce No. 1 Mine, as mining is to occur in the same strata.” 
 

 
Figure 7 Spruce No. 1 Mine and the Dal-Tex Mine Operation 
 
Region III completed a review of rock cores and corresponding cross sections for the Dal-
Tex mines including the Gut Fork mine (immediately across Spruce Fork from Spruce No.1; 
Figure 7) and compared those to the Spruce No. 1 mine.  This review, which is set forth in 
Appendix 4, indicates that, for the most part, the formations are repeated from the Dal-Tex 
mine complex to the Spruce No 1 mine location.  Per the EIS, the same coal beds are to be 
developed for the Spruce No. 1 mine as for the Del-Tex mine. Also, these coal bed sequences 
are similar to those described in the literature for southern West Virginia coal bed sequences 
and the geologic column for the Spruce No 1 mine.    
 
  1. Effects on Water Chemistry 
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The Section 404(b)(1) Guidelines direct that no permit should issue if the discharge will 
cause or contribute to violations of applicable water quality standards or if the discharge 
will cause or contribute to significant degradation of the aquatic ecosystem, including but 
not limited to significant adverse effects on stages of aquatic life and other wildlife 
dependent upon aquatic ecosystems, including the transfer concentration, and spread of 
pollutants or their byproducts outside the disposal area.  40 C.F.R. §§230.10(b)(1) & 
230.10(c).  See also 40 C.F.R. §§ 230.31. 
 
Adverse changes in water chemistry frequently have a corresponding impact on wildlife 
and fisheries that live in or depend upon the water.  Potential impacts to water chemistry 
are considered because they may affect the native aquatic and water-dependent 
communities in the Spruce Fork watershed. 
 

a.  Selenium 
 
Discharges from the Spruce No. 1 Mine Complex project are likely to increase selenium 
loading to the immediate receiving streams and downstream waters.  The State of West 
Virginia has established a numeric chronic water quality criterion for selenium (5 μg/L) 
to protect instream aquatic life.  Selenium is a naturally occurring chemical element that 
is an essential micronutrient, but excessive amounts of selenium can also have toxic 
effects.  For aquatic animals, the concentration range between essential and toxic is very 
narrow, being only a few micrograms per liter in water.  Selenium toxicity is primarily 
manifested as reproductive impairment and birth defects due to maternal transfer, 
resulting in embryotoxicity and teratogenicity in egglaying vertebrates (e.g., fish and 
ducks).   The most sensitive toxicity endpoints in fish larvae are teratogenic deformities 
such as skeletal, craniofacial, and fin deformities, and various forms of edema.  Embryo 
mortality and severe development abnormalities can result in impaired recruitment of 
individuals into populations (Chapman et al. 2009).  A WV draft study indicates that 
elevated selenium concentrations in fish eggs, increased larval deformity rates and 
increased deformity rates in mature fish are occurring in the Mud River Reservoir, Boone 
County, WV due to mining activities.  These adverse conditions were all associated with 
elevated water column selenium concentrations (WVDEP, 2009, draft).   
 
In West Virginia, coals that contain the highest selenium concentrations are found in a 
region of south central West Virginia where the Allegheny and Upper Kanawha 
Formations of the Middle Pennsylvanian are mined (WVGES 2002). WVDEP reports 
that some of the highest coal selenium concentrations are found in the central portion of 
the Coal River watershed where significant active mining and selenium impaired streams 
are located, in the immediate vicinity of the Spruce No. 1 project.  Selenium is discharged 
when surface mining activities expose selenium-bearing material that comes in contact 
with water and contaminated water drains from the mining area to surface waters.  The 
sedimentation ponds that are the usual form of water treatment at mining sites generally 
are not effective at treating selenium before effluent is discharged from ponds to 
downstream waters. 
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To evaluate the impact of discharges into Pigeonroost Branch and Oldhouse Branch as 
authorized by the DA Permit, Region III has compared selenium levels in Pigeonroost 
Branch and Oldhouse Branch with selenium levels in waters that have been impacted by 
the nearby Dal-Tex operation. 10  In addition, Region III has reviewed data from 
discharge monitoring reports from mining outlets for the portion of the Spruce No. 1 
Mine that has been constructed in the Seng Camp Creek watershed.  Figure 8 shows mine 
outlet locations.   
 

 
Figure 8: Dal-Tex and Spruce No. 1 Mine outlet locations. 

                                                 
10 Levels of selenium in other nearby waters that have been impacted by surface coal mining activity and 
generally have similar geology also support a prediction that construction of the Spruce No. 1 Mine as 
currently authorized will result in elevated levels of selenium in downstream waters.  Selenium 
concentrations have exceeded the Se criterion at least three times in six (6) other mined streams in the Coal 
River Sub-basin.  These include White Oak Creek (a tributary to the Coal River), the left Fork of White 
Oak Creek, Seng Creek (another tributary to the Coal River); and Casey Creek, James Creek, and Beaver 
Pond Branch, all tributaries to Pond Fork. These elevated levels of  selenium demonstrate that the geology 
in the area of the Spruce No. 1 mine is likely to release selenium during mining activities.  See Appendix 2 
for further details on selenium. 
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Table 3 provides a summary of selenium averages and ranges for Pigeonroost Branch and 
Oldhouse Branch and streams draining the nearby Dal-Tex operation (Left Fork Beech 
Creek, Beech Creek, and Trace Branch).  The table also contains data for White Oak 
Branch (upstream of Spruce No. 1 as currently authorized) and Seng Camp Creek 
(receiving water for the portion of Spruce No. 1 that is under construction).   
 
Summarizing the data in the following table, streams draining the nearby Dal-Tex 
operation have selenium concentrations exceeding the 5 ug/l chronic selenium numeric 
criterion. The data from the Dal-Tex mine complex do not indicate any decrease in 
selenium concentrations over the period of record.  These data strongly suggest 
construction of valley fills and other discharges of fill material from the Spruce No. 1 
Mine into Pigeonroost Branch and Oldhouse Branch would likely result in discharges of 
elevated levels of selenium in the receiving waters and lead to significant degradation of 
water quality of the receiving waters and downstream waters.  Such degraded water 
quality would be likely to impact downstream wildlife populations, including fish 
population 
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downstream of the filled streams and in Spruce Fork. 14 An important adverse impact of 
selenium residues in aquatic food chains is not just the direct toxicity to the organisms 
themselves, but rather the dietary source of selenium these organisms contribute to fish 
and wildlife species in the upper food web that feed on them.  
 

b. Total Dissolved Solids/Conductivity 
 
To understand the water quality impacts from increased total dissolved solids (TDS) and 
conductivity, it is helpful to understand the relationship between salinity, TDS, and 
specific conductivity, and the effect increases in conductivity have on native wildlife.  
For purposes of this action, when Region III discusses increased conductivity or TDS, we 
are referring to an increase in salinity in otherwise dilute freshwater, consistent with 
background levels in central Appalachian streams.   
 
Salinity is the mass of salt in a given mass of water.  While many of the elements that 
comprise mineral salts are essential nutrients, aquatic organisms are adapted to specific 
ranges of salinity and experience toxic effects from excess salinity.   
 
Salinity reflects the amount of TDS in water. TDS is a measure of the combined content 
of all inorganic and organic substances contained in a solution in molecular, ionized or 
micro-granular (colloidal) suspended form and is normally reported in the units mg/l. The 
majority of TDS in many waters are simply salts. 
 
Salinity is often expressed in terms of specific conductivity (hereafter referred to as 
conductivity).  Conductivity is the ability of a solution to carry an electric current at a 
specific temperature (normally 25º C) and is normally reported in the units µS/cm 
(microsiemens per centimeter). Conductivity and TDS both increase as the concentration 
of ions in a solution increase and are very strongly correlated. Normally, conductivity is 
reported by state and federal monitoring agencies because it is an instantaneous 
measurement that can be collected in situ with a meter, that does not require a laboratory 
analysis, and that is precise and accurate. "Conductivity" refers to the measurement and 
resulting data; "salinity" refers to the environmental property that is being measured.  
Conductivity is an excellent indicator of the total concentration of all ions and is also a 
good predictor of aquatic life use impairment, especially in the ecoregion  

                                                 
14 The concentrations of water column selenium observed at the Dal-Tex outlets and Seng Creek are 
significant in the fact that these concentrations have been associated with elevated fish tissue 
concentrations that are above the levels that cause teratogenic deformities in larval fish, leave fish with Se 
concentrations above the threshold for reproductive failure (4 ppm), and place birds at risk of reproductive 
failure through ingestion of fish with selenium concentrations greater than 7 ppm (Lemley 1997).  
According to the WVDEP’s study on ‘Selenium Bioaccumulation among select stream and lake fishes in 
West Virginia’ (WVDEP 2009), Seng Camp had the highest average water column concentration (27.20 
ppb) and a corresponding average fish tissue concentration of 8.16 ppm.  While Beech Creek had a water 
concentration of 12.30 ppb with a corresponding average fish tissue concentration of 7.55 ppm.  As 
outlined in the graphical trends of selenium concentrations from the DMR records for three permitted 
outlets for the Dal-Tex Mine Complex (WV1011120, WV1004956, WV1004956), these values are similar 
or greater than the Seng Camp and Beech Creek concentrations which supports our view that the 
corresponding fish tissue concentrations will be elevated to levels that cause fish and bird impairments. 
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69 in which the Spruce No. 1 project is located. 
 
A recent study found that elevated conductivity greater than 500 µS/cm caused by 
alkaline mine effluents was strongly associated with high probability of degradation of  
native biota (Pond et al. 2008).  In that study, 20 of 20 mined sites (100%) with 
conductivity levels greater than 500µS/cm reflected adverse impact to native 
macroinvertebrates using a genus-level multi-metric index, and 17 of those 20 sites 
(85%) reflected adverse impact to native macroinvertebrates using the family-level 
WVSCI index (using the  less than 68 threshold). 15   
 
WVDEP ambient monitoring data confirm the high probability of adverse impact to 
aquatic life when conductivity levels are elevated to greater than 500µS/cm.  WVDEP 
macroinvertebrate data from subecoregion 69d (the Cumberland Mountains of the Central 
Appalachians, the specific subecoregion where the project is located) were analyzed to 
determine the percentage of WVDEP sites that reflected adverse impact to aquatic life 
when the instream conductivity levels exceeded 500 µS/cm.  This analysis indicates that 
a majority of the sites reflected adverse impact to aquatic life when conductivity levels 
were elevated above 500 µS/cm, even when accounting for the possible confounding 
effects of acidic pH and habitat degradation.  For example, after removing low pH sites, 
only 100 sites out of 417 sites attained WVSCI scores greater than 68 when conductivity 
levels were greater than 500 µS/cm (76% of the sites reflected WVSCI scores less than 
68).  When the potential confounding effect of habitat degradation was completely 
removed (this subset includes only sites with Rapid Bioassessment Protocol habitat 
scores greater than 140, indicating reference quality habitat), 62% of the sites still had 
WVSCI scores less than 68.  See Appendix 1 and 2 for further detail on 
macroinvertebrates and conductivity.   
 
EPA's draft report, A Field-Based Aquatic Life Benchmark for Conductivity in Central 
Appalachian Streams (USEPA 2010a). also recognizes stream aquatic life impacts 
associated with conductivity.  This study, which is publicly available and is undergoing 
external peer review by the EPA’s Science Advisory Board, applies EPA's standard 
methodology for deriving water quality criteria to field data and concludes that genus-
level macroinvertebrate impacts to the biological community occur at conductivity levels 
as low as 300 μS/cm.  
 
Pond et al. 2008 showed that mayfly richness is significantly reduced to a few or zero 
genera, and that several stonefly and caddisfly taxa were also extirpated or reduced in 
abundance, when conductivity exceeds 500 µS/cm downstream of mining operations 
similar to Spruce No. 1.  This mining-induced pattern was also documented in the eastern 
Kentucky coalfields (Pond 2010).  Many mayfly, stonefly and caddisfly genera are 
extirpated from streams downstream of headwater valley fills, and this extirpation is 
strongly correlated to water quality degradation caused by mining.  This extirpation is in 

                                                 
15 As noted elsewhere, in its 2008 Section 303(d) List, WVDEP identified a WVSCI score of 68 as the 
lowest score at which a waterbody was considered to "fully support" aquatic life.  Less than 68 indicates 
degradation of the aquatic life use. 
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addition to direct burial of these macroinvertebrates and other wildlife, as previously 
described.  See Appendix 1 macroinvertebrates for further detail.   
 
After evaluating confounding effects as described above, scientific evidence points to the 
conclusion that the extirpation of macroinvertebrate taxa documented in these studies is 
caused by water quality degradation and not habitat degradation.  Conductivity is an 
excellent predictor of native taxa loss from Appalachian streams while habitat variables 
provide little ability to predict taxa loss.  Using the WV spring null model applied to 
genus-level data from Pond et al. (2008), Observed/Expected (O/E) scores strongly 
responded negatively (R2=0.63) to increasing conductivity. See Section V.B.2.a.ii. below 
for a further explanation of the Observed/Expected Index.  Water quality degradation 
caused by elevated conductivity explained more than twice the variance in O/E scores 
than did RBP habitat scores (R2=0.28), confirming that conductivity is an excellent 
predictor of native taxa loss from Appalachian streams.  Sediment deposition, substrate 
embeddedness, channel alteration, riparian zone width, pH, or temperature had no 
significant influence on O/E scores.  From this analysis it is apparent that habitat 
degradation offered little explanatory value in O/E variation in this dataset.16 
 
Data from WVDEP indicate that average conductivity values for Pigeonroost Branch and 
Oldhouse Branch are very low and are consistent with dilute background conditions in 
central Appalachian headwater streams (Table 5).  Construction of valley fills and other 
discharges from the Spruce No. 1 Mine into Pigeonroost Branch and Oldhouse Branch 
would likely cause an increase in conductivity and TDS in receiving waters.  This will 
have two effects: first, it will eliminate Pigeonroost Branch and Oldhouse Branch as 
sources of freshwater dilution to downstream waters, including Spruce Fork; and second, 
it will transform Pigeonroost Branch and Oldhouse Branch into sources of increased 
conductivity and TDS to downstream waters. 
 
Construction of valley fills in the ecoregion in which the Spruce No. 1 Mine is located is 
strongly correlated with an increase in conductivity levels in downstream waters.  
Sedimentation ponds, which are the usual form of water treatment for surface coal mines, 
appear to be ineffective in removing TDS and decreasing conductivity.  For example, 
average conductivity and sulfate levels are highly elevated in other tributaries to Spruce 
Fork where historical mining has occurred.  Table 5 provides the following average 
conductivity and sulfate values for streams draining mined areas to the west of Spruce 
Fork in comparison with Pigeonroost Branch and Oldhouse Branch. 

                                                 
16 Sites downstream of MTM in Pond et al. 2008 were located in relatively natural stream reaches in order 
to help control for obvious habitat effects 
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Table 5.  Average conductivity and sulfate values for streams in project area 
 
Stream Conductivity Values Sulfate Values 
Rockhouse Creek 1012 uS/cm conductivity 407 mg/l sulfate 
Left Fork of Beech Creek 2426 uS/cm conductivity 1019 mg/l sulfate 
Beech Creek 1432 uS/cm conductivity 557 mg/l sulfate 
Trace Branch 971 uS/cm conductivity 569 mg/l sulfate 
Oldhouse Branch 90 uS/cm conductivity 28 mg/l sulfate 
Pigeonroost Branch 199 uS/cm conductivity 99 mg/l sulfate 
 
Average conductivity and sulfate concentrations in the mainstem of Spruce Fork to which 
Pigeonroost Branch and Oldhouse Branch flow are also strongly elevated to as much as 
ten times above natural background levels in Oldhouse Branch. Average conductivity at 
almost every monitoring site on the mainstem Spruce Fork exceeded 500 µS/cm. Only 
one site had an average conductivity of less than 500 µS/cm, which was located upstream 
of the project area, upstream of Adkins Fork, and southeast of Blair, WV. 
 
Pigeonroost Branch and Oldhouse Branch are providing freshwater dilution to Spruce 
Fork thereby preventing conductivity levels in Spruce Fork from becoming even more 
elevated.  Construction of valley fills and other discharges authorized by the DA Permit 
into Pigeonroost Branch and Oldhouse Branch would remove sources of freshwater 
dilution to Spruce Fork and contribute to existing water quality degradation. 
 
In addition to removing Pigeonroost Branch and Oldhouse Branch as sources of 
freshwater dilution for Spruce Fork, construction of valley fills and other discharges 
authorized by the permit into those waters also would likely transform Pigeonroost 
Branch and Oldhouse Branch into sources of elevated conductivity and TDS to 
downstream waters.  As described in Section V.B.2.a. below, there is a strong correlation 
between elevated levels of conductivity and extirpation of macroinvertebrate taxa.  
Spruce Fork mainstem has little, if any, remaining assimilative capacity for conductivity.   
 
Post-mining conductivity levels in Spruce Fork downstream of the project area were 
modeled using a watershed area weighted deterministic model with two post-mining 
average (500 and 1000 µS/cm) and maximum (1000 and 1500 µS/cm) conductivity 
values for Oldhouse Branch, Pigeonroost Branch and Seng Camp Creek.  These values 
are conservative and likely underestimate the post-mining conductivity values.  For 
example, when compared to Left Fork Beech Creek, which is completely mined and 
filled, the average and maximum conductivity values are 2425 and 3000 µS/cm.   In 
Beech Creek, which is partially mined and filled, the average and maximum conductivity 
values are 1432 and 1776 µS/cm (average and maximum values based on 2002-2003 
WVDEP data).   In every case, since the measured average and maximum conductivity 
levels in Spruce Fork are currently greater than 500 µS/cm pre-mining, the modeled post-
mining conductivity values are also greater than 500 µS/cm.  Using the more 
conservative post-mining values (average 500 and 1000 µS/cm and maximum 1000 and 
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1500 µS/cm), we estimate that average conductivity in Spruce Fork downstream of Seng 
Camp Branch could increase from 555 pre-mining to 745 µS/cm post-mining and 
maximum conductivity could increase from 965 pre-mining to 1226 µS/cm post-mining.  
EPA expects that these additional conductivity increases would likely further extirpate 
native aquatic macroinvertebrates (wildlife) that are not tolerant to increased 
conductivity. See Appendix 2 for further detail on conductivity.   
 
  2. Impacts to Wildlife 
 
   a. Macroinvertebrates 
 
As set forth in Sections IV A.1 and I.B.1 above, benthic macroinvertebrates are diverse 
and healthy in the Spruce No. 1 project area and represent an important component of the 
aquatic community in Pigeonroost Branch and Oldhouse Branch.  Furthermore, because 
of their productivity and secondary position in the aquatic food chain, they also play a 
critical role in the delivery of energy and nutrients to downstream reaches (in aquatic life 
stages) as well as to upland terrestrial habitats (in winged adult life stages).   
 
Construction of valley fills and other discharges authorized by the DA Permit into 
Pigeonroost Branch and Oldhouse Branch will impact the native macroinvertebrate 
community in two ways.  First, the macroinvertebrates that live in stream channels within 
the footprint of the valley fill will be destroyed.  As set forth in Section V.C. below, it is 
not likely that the on-site stream creation proposed by the permittee as mitigation would 
support the quality of macroinvertebrate community that currently exists in Pigeonroost 
Branch and Oldhouse Branch.  Second, construction of valley fills and other authorized 
discharges into Pigeonroost Branch and Oldhouse Branch would likely have an adverse 
impact on the macroinvertebrate communities in remaining downstream waters.  
Sensitive species of mayflies, stoneflies, and caddisflies currently inhabiting downstream 
waters will be impacted through increasing chemical loading of contaminants.   
 
As set forth above, the 2006 Spruce No. 1 EIS states that impacts from the Spruce No. 1 
Mine are expected to be similar to those from the Dal-Tex operation.  Accordingly, 
conditions in streams impacted by the Dal-Tex operation will likely occur in the unfilled 
portions of the streams that will be impacted by the Spruce No. 1 Mine.  To evaluate the 
impacts from the Spruce No. 1 Mine, Region III analyzed conditions in streams impacted 
by the Dal-Tex operation.  Region III conducted three different analyses.  First, Region 
III compared benthic macroinvertebrate collections from Pigeonroost Branch and 
Oldhouse Branch to benthic macroinvertebrate samples from streams that have been 
impacted by Mingo Logan's Dal-Tex operation.  Second, Region III used an 
observed/expected approach.  Third, Region III compared WVSCI scores in Pigeonroost 
Branch and Oldhouse Branch with streams impacted by the Dal-Tex operation.  The 
following describes these three analyses. 
 
    i. Comparison of macroinvertebrate communities  
 
To evaluate the impact of the  project, EPA compared benthic collections from the Spruce 
No. 1 project area to Mingo Logan’s Dal-Tex site (Table 1), using an equal number of 
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benthic samples collected at both locations.  This analysis reveals that construction of 
valley fills and and other discharges authorized by the DA Permit into Pigeonroost 
Branch and Oldhouse Branch would likely result in degraded macroinvertebrate 
communities downstream of these discharges. 
 
Considering the number of genera collected, the relatively unimpacted Pigeonroost 
Branch and Oldhouse Branch contain a far greater number and diversity of 
macroinvertebrate genera.  Collectively, 85 different genera were collected from 
Pigeonroost Branch and Oldhouse Branch between 1999-2000, while only 56 different 
genera were collected from both Beech Fork and Left Fork Beech Fork, streams that 
drain the inactive Dal-Tex operations.   
 
Region III further refined its analysis to a comparison of the Ephemeroptera, Plecoptera 
and Trichoptera (EPT: mayflies, stoneflies and caddisflies) taxa collected.  In Pigeonroost 
and Oldhouse combined, 42 EPT taxa were collected, while at Dal-Tex (Beech and Left 
Fork Beech), only 12 EPT were found.  Narrowing further to mayflies and stoneflies, 
there were 14 mayfly genera and 12 stonefly genera in Oldhouse Branch and Pigeonroost 
Branch but only two relatively pollution-tolerant mayfly genera and three pollution-
tolerant stonefly genera were collected in streams draining the Dal-Tex mine..  EPA also 
found that caddisflies were rich (14 total genera) in Pigeonroost and Oldhouse, but only 
seven total genera were found in Beech and Left Fork Beech downstream of the Dal-Tex 
mine.   
 
As set forth above in Section IV.A., macroinvertebrates are good indicators of watershed 
health, and differ in their tolerance to the amount and types of pollution.  
Macroinvertebrate communities integrate the effects of stressors over time and some taxa 
(i.e., taxonomic category or group such as phylum, class, family, genus, or species) are 
considered pollution-tolerant and will survive in degraded conditions. Some taxa are 
pollutant-intolerant and will die when exposed to certain levels of pollution.  Thus, the 
composition of tolerant and intolerant (i.e., sensitive) communities informs scientists 
about the quality of the water.  The presence of a large number of individuals from the 
more sensitive genera indicates good water quality conditions, whereas the presence of a 
large number of tolerant genera may indicate degraded conditions.   
 
The data described above indicates a substantial reduction in taxa diversity in the mine-
impacted waters.  In addition, several tolerant taxa were found in the streams draining the 
Dal-Tex mine that were not found in the Spruce project area further indicating 
degradation and adverse impact to wildlife habitat (Table 1).  Some of these taxa are 
highly tolerant snails that typically do not occupy healthy headwater streams in the 
Appalachians (Lymnaeidae, Physella, Helisoma).  Other tolerant beetles and fly larvae 
found at Dal-Tex but not Pigeonroost or Oldhouse also indicate biological impacts and 
altered environmental conditions (i.e., atypical of Appalachian headwater streams) that 
foster the invasion of these tolerant taxa. Table 6 compares the macroinvertebrate taxa 
identified in Oldhouse Branch and Pigeonroost Branch with that found in streams that 
have been impacted by the Dal-Tex Mine.
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Table 6.  List of macroinvertebrate taxa identified from Spruce project and Dal-Tex. 

      
Oldhouse 

+Pigeonroost 
Beech+Left 
Fork Beech 

Order Family Genus Spruce No. 1 
Dal-Tex 

Mine 
Oligochaeta Oligochaeta Oligochaeta X X 
Nematoda Nematoda Nematoda  X 
Proseriataoela Plagiostomidae Hydrolimax X  
Tricladida Planariidae Planariidae X  
Basommatophora Lymnaeidae Lymnaeidae  X 
Basommatophora Physidae Physella  X 
Basommatophora Planorbidae Helisoma  X 
Coleoptera Dryopidae Helichus X  
Coleoptera Elmidae Dubiraphia  X 
Coleoptera Elmidae Macronychus  X 
Coleoptera Elmidae Microcylloepus  X 
Coleoptera Elmidae Optioservus X X 
Coleoptera Elmidae Oulimnius X X 
Coleoptera Psephenidae Ectopria X  
Coleoptera Psephenidae Psephenus X X 
Decapoda Cambaridae Cambarus X  
Diptera Ceratopogonidae Atrichopogon  X 
Diptera Ceratopogonidae Bezzia/Palpomyia X X 
Diptera Ceratopogonidae Dasyhelea X X 
Diptera Chironomidae Acricotopus  X 
Diptera Chironomidae Chaetocladius X X 
Diptera Chironomidae Corynoneura X X 
Diptera Chironomidae Cricotopus X X 
Diptera Chironomidae Diamesa X X 
Diptera Chironomidae Eukiefferiella X X 
Diptera Chironomidae Metriocnemus  X 
Diptera Chironomidae Micropsectra X X 
Diptera Chironomidae Microtendipes X  
Diptera Chironomidae Orthocladius X X 
Diptera Chironomidae Parachaetocladius X  
Diptera Chironomidae Parametriocnemus X X 
Diptera Chironomidae Paraphaenocladius  X 
Diptera Chironomidae Paratanytarsus  X 
Diptera Chironomidae Polypedilum X X 
Diptera Chironomidae Rheotanytarsus X X 
Diptera Chironomidae Smittia  X 
Diptera Chironomidae Stempellinella X  
Diptera Chironomidae Stenochironomus  X 
Diptera Chironomidae Stilocladius X  
Diptera Chironomidae Sympotthastia X  
Diptera Chironomidae Tanytarsus X  
Diptera Chironomidae Thienemanniella  X 
Diptera Chironomidae Thienemannimyia X X 
Diptera Chironomidae Tvetenia X X 
Diptera Chironomidae Zavrelimyia X  
Diptera Empididae Chelifera/Metachela X X 
Diptera Empididae Clinocera X  
Diptera Empididae Hemerodromia  X 
Diptera Simuliidae Prosimulium X  
Diptera Simuliidae Simulium X X 
Diptera Tabanidae Tabanidae  X 
Diptera Tipulidae Antocha  X 
Diptera Tipulidae Cryptolabis X  
Diptera Tipulidae Dicranota X  
Diptera Tipulidae Hexatoma X   
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Table 6. Continued. 

Continued     
Oldhouse 

+Pigeonroost 
Beech+Left 
Fork Beech 

Order Family Genus Spruce No. 1 
Dal-Tex 

Mine 
Diptera Tipulidae Limnophila X  
Diptera Tipulidae Limonia X X 
Diptera Tipulidae Pseudolimnophila X  
Diptera Tipulidae Tipula X X 
Ephemeroptera Ameletidae Ameletus X  
Ephemeroptera Baetidae Acentrella X  
Ephemeroptera Baetidae Baetis X X 
Ephemeroptera Baetiscidae Baetisca X  
Ephemeroptera Ephemerellidae Drunella X  
Ephemeroptera Ephemerellidae Ephemerella X  
Ephemeroptera Ephemerellidae Eurylophella X  
Ephemeroptera Ephemeridae Ephemera X  
Ephemeroptera Heptageniidae Cinygmula X  
Ephemeroptera Heptageniidae Epeorus X  
Ephemeroptera Heptageniidae Stenacron X  
Ephemeroptera Heptageniidae Maccaffertium/Stenonema X  
Ephemeroptera Isonychiidae Isonychia X X 
Ephemeroptera Leptophlebiidae Paraleptophlebia X  
Megaloptera Corydalidae Corydalus  X 
Megaloptera Corydalidae Nigronia X X 
Odonata Aeshnidae Boyeria  X 
Odonata Gomphidae Lanthus X X 
Plecoptera Capniidae Capniidae X  
Plecoptera Chloroperlidae Haploperla X  
Plecoptera Leuctridae Leuctra X  
Plecoptera Nemouridae Amphinemura X X 
Plecoptera Nemouridae Ostrocerca X  
Plecoptera Nemouridae Prostoia  X 
Plecoptera Peltoperlidae Peltoperla X  
Plecoptera Perlidae Acroneuria X  
Plecoptera Perlodidae Isoperla X  
Plecoptera Perlodidae Remenus X  
Plecoptera Perlodidae Yugus X  
Plecoptera Pteronarcyidae Pteronarcys X  
Plecoptera Taeniopterygidae Taenionema X  
Plecoptera Taeniopterygidae Taeniopteryx X X 
Trichoptera Glossosomatidae Agapetus X  
Trichoptera Glossosomatidae Glossosoma X  
Trichoptera Goeridae Goera X  
Trichoptera Hydropsychidae Ceratopsyche X  
Trichoptera Hydropsychidae Cheumatopsyche X X 
Trichoptera Hydropsychidae Diplectrona X X 
Trichoptera Hydropsychidae Hydropsyche X X 
Trichoptera Hydroptilidae Hydroptila  X 
Trichoptera Limnephilidae Pycnopsyche/Hydatophylax X  
Trichoptera Philopotamidae Chimarra X X 
Trichoptera Philopotamidae Dolophilodes X  
Trichoptera Polycentropodidae Polycentropus X  
Trichoptera Psychomyiidae Psychomyia X X 
Trichoptera Rhyacophilidae Rhyacophila X X 
Trichoptera Uenoidae Neophylax X  
Tricladida Planariidae Planariidae X  

    Total Distinct Taxa 85 56 

    Total EPT Taxa 42 12 
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    ii. Observed/Expected Index  

In order to further predict and quantify the loss of taxa expected from construction of 
valley fills in Pigeonroost Branch and Oldhouse Branch as authorized, Region III applied 
a well-accepted and peer reviewed approach, called an Observed/Expected index (O/E) 
(Hawkins 2006, Van Sickle 2005) (Figure 13).  O/E ratios basically represent the 
proportion of predicted taxa that were observed in a sample, compared to those expected 
in the sample, after predicting the probability that a sample site is a member of one or 
more fixed sets of reference site types.  

 

 

Figure 13.  Measure of biological 
integrity; O vs. E (C.P. Hawkins, Utah 
State Univ.). 

 

 

 

Rather than using several reference site types, null models can be developed that assume 
only one set of comparable reference sites.  Null models are appropriate when working in 
areas with relatively similar physical and regional characteristics that may have influence 
on the macroinvertebrate community (e.g., geology, stream slope, natural substrate, 
season and climate), as is the case in this application.  For the WV null models, EPA first 
calculated the probability of capture (Pc) as the proportion of a taxon’s occurrence in 
spring and summer at all mountain reference sites (combined ecoregions 67, Ridge and 
Valley, and ecoregion 69, Central Appalachians).  For example, the stonefly Leuctra was 
present at 94% of mountain reference sites in spring, so its Pc value for spring is 0.94.  
EPA conducted this probability calculation for all non-chironomid taxa. The Pc’s of all 
taxa with a Pc greater than 0.1 were then summed to yield the Expected number of taxa at 
a site for the given season (Table 7).  Therefore, the Expected total number of taxa at a 
mountain site in spring is 20.4 and in summer is 18.7.   

A site that is a perfect match to the richness of expected indigenous taxa will score 1.0, 
while downward deviation from 1.0 indicates increasing loss of expected taxa compared 
to regional reference (e.g., a score of 0.50 indicates a 50% loss of the expected taxa).  
Upward deviation (greater than 1.0) simply indicates that more taxa were collected than 
expected.  (When a taxon is observed at a test site, that taxon is counted as 1 for the 
observed score, so if the Pc is less than 1 for that taxon, this can lead to O/E scores 

O versus E as a Measure of Biological Integrity
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greater than 1.  For example, for the stonefly Leuctra, the Pc of capture is 0.94, so its 
tally for E is only 0.94, but if the taxa is observed at a site, its tally for O is 1.   

We chose the 5th percentile of reference site O/E scores as a threshold to correspond to 
WVDEP’s bioassessment threshold for assessing aquatic life support.  This O/E 5th 
percentile was 0.64, indicating a loss of 36% of expected taxa. 

The WV null model indicates that macroinvertebrate assemblages in Pigeonroost Branch, 
Oldhouse Branch and the upstream White Oak Branch are comparable to WVDEP 
mountain ecoregion reference sites and that there is adverse impact (O/E less than 0.64) 
to streams receiving drainage from MTM/VF operations in WV, including streams 
adjacent to the Spruce mine area (Tables 3 and 4).    The highest O/E scores (1.18) were 
in Pigeonroost, Oldhouse and White Oak Branches.  The lowest O/E scores (0.20) were 
in Beech and Left Fork of Beech Creek, both of which have been impacted by mining 
operations.   

The model indicates that macroinvertebrate assemblages in Pigeonroost Branch and 
Oldhouse Branch are comparable to WVDEP mountain ecoregion reference sites.  In 
contrast, past mining by Mingo Logan has led to the estimated extirpation of ~70% of the 
native expected taxa in their adjacent Dal-Tex mine operation (Table 7).  It is highly 
likely that conditions in the unfilled portions of Pigeonroost Branch and Oldhouse Branch 
will follow this pattern of genus-level extirpation if valley fills are constructed in those 
waters as currently authorized.  See Appendix 1 for for more details on O/E. and model 
development. 
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Table 7.  Summary of WV O/E null model results for the Spruce No. 1 Project area.  The 
biological impairment threshold is 0.64 (corresponding to the 5th percentile of WVDEP 
reference site distributions).  An O/E score of ~1.0 means that the number of Observed 
native taxa is equivalent to the Expected number of native taxa.  SD = standard deviation. 
 

Table 7 

  Mean (SD) O/E  
 Spruce No. 1 Dal-Tex  

  Pigeonroost,Oldhouse, White Oak 
Beech, LF 

Beech Rockhouse 

Spring 0.98 (0.20); n=9 0.26 (0.06);n=5 0.31 (0.10); n=3 

Summer 0.85 (0.15); n=2 0.32 (0.08); n=2 0.38 (0.08); n=2  

    

● Adjacent mined sites include LF Beech, Beech, and Rockhouse 
● The highest O/E scores were recorded in Pigeonroost, Oldhouse, and White Oak 
(each scored 1.18) 
● The lowest O/E scores were recorded in Beech and LF Beech on Dal-Tex (each 
scored 0.20) 

 

Based on WVDEP Mountain reference sites, on average: 
● Spruce No. 1 samples are missing ~2% of expected taxa in Spring, and ~15% in 
Summer 

● Dal-Tex sites are missing ~74% of expected taxa in Spring, and ~68% in Summer.17 
● SD for Spruce No. 1 streams had similar or better precision (SD) to the WVDEP 
reference model 
● SD for Dal-Tex was very low indicating that all observations consistently show 
missing taxa 

 
 
    iii. Comparison of WVSCI scores 
 
States routinely use macroinvertebrate assemblage data to assess compliance with their 
narrative water quality standards and to determine support of aquatic life.  For the past 
several cycles of Section 303(d) lists of impaired waters, WVDEP has used a family-level 
multi metric index called the WV Stream Condition Index or WVSCI.  The WVSCI uses 
six (6) component metrics to summarize and analyze family-level macroinvertebrate taxa 
lists.  The six metrics are total number of EPT (Ephemeroptera, Plecoptera and 
Trichoptera or maflies, stoneflies and caddisflies) taxa, total number of taxa, percent of 
organisms that are EPT, percent of organisms that are Chironomidae (midges), the 
percent of organisms in the top two dominant taxa, and the Hilsenhoff Biotic Index.  All 
metrics are computed at the family-level with a 200 fixed count subsample.  The metrics 
are scored against Best Standard Values (BSVs) for the entire dataset, as a percent of the 
BSV and normalized to a score of 100.  The average of all six metrics makes up the final 
WVSCI score.  Simply put, the lower the score, the more degraded the macroinvertebrate 
assemblage.  For more information on the WVSCI, go to 
http://www.wvdep.org/Docs/536 WV-Index.pdf.   

                                                 
17 Based on EPA data (Pond et al. 2008), all mined sites lost 47% of expected taxa, on average. 
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Examination of the West Virginia dataset has shown that the family-level metrics used by 
WVDEP  generally underestimate degradation of the macroinvertebrate community 
impairment of aquatic life uses as compared to more sensitive genus-level indices due to 
the coarse level of taxonomy. Despite this lower sensitivity, bioassessments using 
WVSCI have documented adverse impacts to aquatic life due to mining in streams on 
mined sites near the project area   
 
EPA sampled several streams within the Spruce Fork watershed for the Mountaintop 
Mining/Valley Fill Programmatic Environmental Impact Study (PEIS) (Green et al. 2000; 
Bryant et al. 2002).  These assessments indicate that the unmined streams within and near 
the project area, including White Oak Branch, Oldhouse Branch and Pigeonroost Branch  
were high quality streams that fully support the aquatic life use, based on the family-level 
WVSCI and water quality data (see Appendix 1 and 2).  The streams located in the 
historically MTM/VF mined areas located nearby (Rockhouse Branch, Beech Creek, and 
the Left Fork of Beech Creek) had WVSCI scores that would indicate they did not fully 
support aquatic life.  These EPA data indicate that the aquatic life in streams on the 
project area (i.e., Oldhouse Branch and Pigeonroost Branch) would be likely degraded to 
the conditions exhibited in the Beech Creek and Rockhouse sub-watersheds after they are 
mined.  
 
WVDEP data and assessments confirm that the aquatic life is adversely impacted not 
only in the nearby mined streams, but further downstream, on the mainstem of Spruce 
Fork, Pond Fork and the Little Coal River (see Appendix 1).  The adverse impacts in the 
mainstem of Spruce Fork, Pond Fork, and the Little Coal are likely due to a combination 
of stressors, including mining and residential stressors. (WVDEP 1997). 
    
Construction of valley fills, sediment ponds, and other discharges into Pigeonroost 
Branch and Oldhouse Branch as authorized by the DA Permit No. would be likely to 
export additional contaminants (conductivity) to Spruce Fork.  Due to the sensitivity of 
native macroinvertebrate wildlife to elevated and increasing levels of conductivity, these 
contaminants are likely to hinder the maintenance or  recovery of these biological 
communities. 
 
   b. Salamanders 
 
As stated above, the ecoregion where the Spruce No. 1 project is located has one of the 
richest salamander fauna in the world.  Impacts from the activities authorized as part of 
the project will have a significant adverse impact on this wildlife group located within the 
project area.  Based on literature values (Williams 2002) for mean densities within 
reference reaches of Pigeonroost Branch, Bend Branch (another tributary of Spruce 
Fork), and Ash Fork (a tributary of Gauley River) and a 2004 USFWS study in White 
Oak Branch, EPA estimates aquatic salamander density in Pigeonroost Branch and 
Oldhouse Branch at ~5-6 per square meter along stream channels.  Approximately seven 
acres of stream channel would be filled in Pigeonroost Branch and Oldhouse Branch by 
the project as currently authorized which means that more than 200,000 stream-dwelling 
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salamanders would be buried by the currently authorized valley fills.  It is not expected 
that stream salamanders will return to the site due to the burial of their existing habitat 
and the inadequacy of proposed mitigation to replace the habitat required by these 
wildlife.  Gingerich (2009) found no expected stream salamanders inhabiting 3-20 yrs old 
sediment ditches (5 out of 5 mines) on West Virginia MTM areas.  Furthermore the 
USFWS has indicated that, to its knowledge, it has not been demonstrated that 
salamanders return to surface-mined areas and achieve densities similar to those that 
occurred prior to mining. 

Since salamanders represent the main vertebrate predator in these headwater streams, and 
will be eradicated under the  project, EPA believes that a key component of the aquatic 
food web would be likely to be lost from the aquatic ecosystem within Pigeonroost 
Branch and Oldhouse Branch portions of the Spruce No. 1 mine area. 

According to the USFWS, adverse impacts to salamanders as a result of construction of 
valley fills and other discharges authorized by the DA Permit into Pigeonroost Branch 
and Oldhouse Branch will not be localized to the area to be filled.  Because construction 
of the valley fills and other discharges are very likely to increase conductivity and 
selenium levels in the downstream receiving waters (See Section V.B.1 above), 
salamanders that are not directly buried and killed beneath the fills are also likely to be 
impacted; directly via exposure to these contaminants and perhaps indirectly via impacts 
of contaminants on food sources.  (Patnode, et al. 2005)  Such impacts are likely to occur 
as far downstream as elevated conductivity, selenium or other contaminants persist, and 
to affect any salamanders that spend some part of their life in the aquatic environment or 
in immediately adjacent riparian terrestrial habitats.  These impacts would likely be 
exacerbated by the loss of fresh water dilution from Pigeonroost and Old House Branch. 
 
USFWS also indicated that while range-wide populations of common species may not be 
significantly impacted, the salamander communities in individual headwater systems 
behave essentially as isolated populations because there is limited interaction 
(immigration and emigration) with communities in adjacent watersheds (Dr. Thomas 
Pauley, Marshall University and personal communication with Jim Zelenak USFWS WV 
Field Office).  Therefore, the populations within the watersheds that will be impacted by 
fill (the footprints of the valley fills and the downstream toxicity in the form of elevated 
conductivity, selenium, and potentially other contaminants), and are very likely to be 
significantly impacted. 
 
Furthermore, as set forth in Section V.B.2.c.i. below, construction of valley fills and other 
discharges into Pigeonroost Branch and Oldhouse Branch has the potential to contribute 
to conditions that would support blooms of golden algae (Prymnesium parvum), which 
can produce a toxin that is highly toxic to aquatic life and was associated with an 
extensive aquatic life kill of both fish and lungless salamanders in Dunkard Creek in 
West Virginia in September 2009.   
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c. Fish 
 
As described in Section IV.B.3. above, the fish assemblages in Pigeonroost Branch and 
Oldhouse Branch are typical of headwater streams, containing only a few species.  The 
fish assemblages in Spruce Fork are in relatively good condition. While some studies 
have documented adverse impacts to fish communities associated with surface coal 
mining, based on the fish community in Spruce Fork downstream of the Dal-Tex 
operation, it appears that the fish within Spruce Fork are fairly tolerant of increases in 
conductivity and total dissolved solids.  Nevertheless, increases in conductivity and total 
dissolved solids and construction of sediment ponds associated with valley fills 
authorized in Pigeonroost Branch and Oldhouse Branch will create conditions considered 
favorable to the growth of golden algae (Prymnesium parvum), which has caused large 
aquatic life kills.  Fish also would be likely to be exposed to increases in selenium 
concentrations, which could lead to bioaccumulation in fish tissues and to reproductive 
effects (see Section V.B.1.a. above).  Because of the potential to promote the growth of 
golden algae and because of the likely increased exposure to selenium, Region III 
concludes that construction of valley fills in Pigeonroost Branch and Oldhouse Branch 
would be likely to have an adverse effect on the fish population in those waters and in 
Spruce Fork. 
 
 
    i. Potential to promote growth of golden algae 
 
Construction of valley fills and other discharges authorized by DA Permit No 
199800436-3 (Section 10: Coal River) into Pigeonroost Branch and Oldhouse Branch as 
currently authorized are likely to contribute to instream conditions in or near Spruce Fork 
that may support the growth of golden algae (Prymnesium parvum), which releases toxins 
that kill fish and other gill-breathing aquatic organisms.  P. parvum is a haptophyte 
(flagellated) algae now distributed worldwide.  This algae has been known to North 
America since the 1980’s (Baker et al., 2007) and has since become established in many 
Texas and Oklahoma rivers and reservoirs.  P. parvum is responsible for Harmful Algal 
Blooms (HAB’s) that have killed millions of fish in Texas and Oklahoma, and has been 
implicated in kills from North Carolina to Arizona.   
 
P. parvum has also been associated with an extensive and severe aquatic life kill, which 
destroyed thousands of fish, mussels and other aquatic life in Dunkard Creek, West 
Virginia and Pennsylvania in September 2009.  At the time of the Dunkard Creek aquatic 
life kill, biologists reported observations of thousands of dead fish, mussels and 
salamanders.  Mud puppies (an aquatic salamander that lives its entire life underwater) 
crawled out of the water and onto rocks and the shoreline in an attempt to escape from 
the toxic water.  Field biologists observed numerous individuals as dried up carcasses on 
rocks and along the shoreline.  Fish were observed avoiding the mainstem of Dunkard 
Creek by practically “stacking –up” in the mouths of tributaries, subjecting themselves to 
feeding by blue heron rather than remaining in the toxic water of mainstem Dunkard 
Creek.  The identification of P. parvum in 2009 in Dunkard Creek was the first 
identification of this invasive aquatic species in the Mid-Atlantic States.   
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The factors that are most closely associated with supporting growth of P. parvum are 
believed to be: 
 

1. Proximity to a known source of Prymnesium parvum. 
2. TDS in high enough amounts to support P. parvum (estimated to be between 500 

and 1000 mg/L (conductivity 714-1428 μS/cm). 
3. Nutrients of great enough amount to initiate a bloom of P. parvum 
4. pH greater than 6.5.  Risk increases with increasing pH. 

 
Areas of habitat that are pooled (large beaver dams, natural residual pools, or manmade 
ponds)  
 
EPA believes that the Spruce No. 1 project is likely to increase the likelihood that all five 
factors are met within the Spruce Fork sub-watershed, as outlined below. 
 
1) Proximity to Known Source: P. parvum was identified (in very high numbers) in Cabin 
Creek of the Kanawha drainage, only 25 miles over the ridge to the East.  Because this 
algae can easily move with waterfowl, the risk of introducing P. parvum in the Spruce 
Fork drainage is high. 
 
Although not currently found in Spruce Fork, WVDEP has identified Spruce Fork as a 
“water of concern” because of its potential (due to already high levels of 
TDS/conductivity) to support P. parvum blooms consistent with the factors shown above. 
 
2)   High TDS: The lower TDS limits for the growth of P. parvum appears to be ~500 
mg/l TDS, or ~700µS/cm conductivity for the ion mixtures typical of alkaline mine 
drainage.  Recent data indicate that growth of P. parvum increases 2-3 fold when 
conductivity increases from 500 µS/cm to 1000 μS/cm (unpublished data, WVDEP, 
2010).  The waters draining the nearby Dal-Tex Mine operation have conductivity levels 
greater than these values.  Many of the sampling sites on the mainstem of Spruce Fork, 
Pond Fork and the Little Coal River also have conductivity levels exceeding these 
endpoints.  Other waters of concern near the Spruce No. 1 project include the Little Coal 
River and West Fork/Pond Fork 
 
As described in SectionV.A, construction of valley fills and other discharges authorized 
by DA Permit No 199800436-3 (Section 10: Coal River) into Pigeonroost Branch and 
Oldhouse Branch would be likely to increase levels of TDS/conductivity in Spruce Fork, 
thus creating conditions more favorable to P. parvum.   
 
In addition, DA Permit No. 199800436-3 (Section 10:  Coal River) authorizes 
construction of numerous sedimentation ponds in Pigeonroost Branch and Oldhouse 
Branch.  These will create areas of pooled habitat more favorable to P. parvum.  During 
low flows, when conductivity is highest, flow is lowest, increasing the possibility that 
blooms could occur in very slow moving residual pools within the channel. 
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3) Suitable Nutrient Levels: Nutrients in the Spruce Fork are of similar availability to 
Dunkard Creek and other watersheds with P. parvum algae present (e.g. Whitely Creek, 
PA).  Phosphorous in Spruce Fork was over 100 μg/L on two sampling occasions during 
the PEIS. 
 
4) High pH: Discharges from Spruce No. 1 are likely to be alkaline, consistent with pH of 
discharges from Dal-Tex and other operations, etc. etc. 
 
5) Existence of Pooled Habitats:  Pooled habitats with little to no flow are common in 
streams like Spruce Fork in low flow conditions of September and October, when TDS is 
highest.  
 
    ii. Increased exposure to selenium 
 
As set forth in Section V.B.1.a, construction of valley fills and other discharges 
authorized by the DA Permit into Pigeonroost Branch and Oldhouse Branch would be 
likely to result in elevated levels of selenium in receiving waters.  While selenium is a 
naturally occurring chemical element that is an essential micronutrient, excessive 
amounts of selenium can also have toxic effects on fish.  Selenium toxicity is primarily 
manifested as reproductive impairment and birth defects due to maternal transfer, 
resulting in embryotoxicity and teratogenicity in egglaying vertebrates (e.g. fish and 
ducks).   The most sensitive toxicity endpoints in fish larvae are teratogenic deformities 
such as skeletal, craniofacial, and fin deformities, and various forms of edema.  Embryo 
mortality and severe development abnormalities can result in impaired recruitment of 
individuals into populations (Chapman et al. 2009).  A WV draft study indicates that 
elevated selenium concentrations in fish eggs, increased larval deformity rates and 
increased deformity rates in mature fish are occurring in the Mud River Reservoir, Boone 
County, WV due to mining activities.  These adverse conditions were all associated with 
elevated water column selenium concentrations (WVDEP, 2009, draft). 
 
In summary, construction of valley fills and other discharges authorized by DA Permit 
No 199800436-3 (Section 10: Coal River) into Pigeonroost Branch and Oldhouse Branch 
would likely result in increased instream levels of selenium that can have toxic effects on 
fish.  
 

iii. Other potential impacts to fish  
 
A number of studies have documented adverse impacts to fish communities associated 
with surface coal mining.  It is important to consider basin size when assessing the 
potential effects of valley fills because small streams (less than10 km2) have shown 
effects to the fish assemblage while larger streams have not (e.g., Fulk et al. 2003).  As 
noted by Fulk et al. (2003) using fish indices like the Mid-Atlantic Highlands Index of 
Biotic Integrity (MAHA IBI) of McCormick et al. (2001) is problematic in small streams 
that are species depauperate (limited diversity) because the index is greatly affected by 
the addition or subtraction of one or two individuals of a different species.  Nevertheless, 
Fulk et al. did analyze small streams in their report and found significant differences in 
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total IBI scores between mined and unmined streams.  This difference was attributed to 
changes in cyprinid species richness and the percent of the assemblage composed of 
benthic invertivores.  There was no significant difference in percent cottids (sculpin). 
 
Some studies have shown that mountaintop mining for coal and construction of valley 
fills has had a harmful effect on the composition of stream fish communities (Fulk et al., 
2003, Stauffer and Ferreri, 2002).  Comparison of streams without mining in the 
watershed and sites downstream of valley fills in Kentucky and West Virginia indicate 
that streams affected by mining had significantly fewer total fish species and fewer 
benthic fish species than streams without mining in the same areas (Stauffer and Ferreri, 
2002). 
 
Fulk et al. (2003) used the Mid-Atlantic Highlands Index of Biotic Integrity (IBI - a 
multi-metric index used to assess biotic health) to analyze fish data from 27 streams in 
West Virginia.  In their study, Fulk et al. (2003) classified streams (no mining in the 
watershed, mountaintop mining in the watershed, sites downstream of valley fills, and 
sites with both mining and residential development in the watershed) and compared fish 
assemblage health among stream classes.  The study showed that assessment scores from 
the sites downstream of valley fills were significantly lower than scores from sites 
without mining in the watershed, indicating that fish communities were degraded in sites 
downstream of valley fills.  Sites with residences in addition to mining, however, scored 
similarly to the unmined sites. 
 
Sites that were sampled in Spruce Fork for the PEIS were classified as “filled with 
residences.”  Sampling data in the Spruce Fork sub-watershed downstream of the Dal-
Tex operation scores similarly to filled residential sites in the PEIS,  There is no 
difference between filled residential sites and unmined sites in the PEIS. 
 
In summary, there remains the potential that construction of valley fills and other 
discharges authorized by DA Permit No 199800436-3 (Section 10: Coal River) into 
Pigeonroost Branch and Oldhouse Branch have the potential to promote the growth of 
golden algae and increase exposure to selenium.  For these reasons, Region III concludes 
that construction of valley fills and other discharges authorized into Pigeonroost Branch 
and Oldhouse Branch would be likely to have an adverse effect on the fish population in 
those waters and in Spruce Fork. 
 
 
    d. Water-dependent birds 
 
Loss of headwater streams from the project would be likely to impact water dependent 
birds, such as the Louisiana waterthrush, that require forested headwater streams for 
foraging on insects and nesting by elimination of the headwater areas associated with 
Pigeonroost Branch and Oldhouse Branch.  
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The Louisiana waterthrush has been designated by USFWS as a Bird of Conservation 
Concern (BCC) within the Appalachian Mountains Bird Conservation Region (AMBCR) 
that may be impacted by Mountaintop Mining – Valley Fills (MTM-VF). 
 
According to USFWS, the Louisiana waterthrush is an area-sensitive riparian-obligate 
species that nests and forages along headwater streams of intact interior forests; it relies 
for breeding success on the diverse and productive assemblage of aquatic insects 
supported by healthy headwater systems (Mattson et al. 2009).  Studies indicate that 
breeding territory density and occupancy were reduced along streams where benthic 
macroinvertebrate communities had been degraded due to anthropogenic land uses and 
acidification. Lower breeding territory densities occurred along streams impacted by acid 
mine drainage more so than along circumneutral streams. Similarly, some indices of 
benthic macroinvertebrate integrity were higher where breeding Louisiana waterthrushes 
were present than areas from which they were absent. Stream reaches where breeding 
birds were detected had a greater proportion of pollution-sensitive benthic 
macroinvertebrates than reaches where they were not detected supporting the concept that 
good water quality is a key component of the species breeding habitat.18   Management 
for this species has focused on protecting core wooded riparian habitat, including 
establishment of undisturbed riparian forest cover, and preservation and improvement of 
water quality to ensure aquatic insect biomass and diversity.  
 
For water-dependent wildlife, like the Loiusiana waterthrush, preservation of large tracts 
of forest containing headwater streams is needed for the conservation of this species in 
the central Appalachians. The waterthrush is particularly vulnerable to degradation of 
water quality and aquatic insect communities (Mattsson and Cooper 2006, Mulvihill et al. 
2008). 
 
3. Summary 
 
In summary, construction of valley fills, sedimentation ponds, and other discharges 
authorized by DA Permit No. 199800436-3 (Section 10: Coal River) to Pigeonroost 
Branch and Oldhouse Branch would eliminate headwater stream systems that support 
some of the last remaining least-degraded conditions within the Coal River sub-basin, 
destroy (through burial) diverse and healthy wildlife communities and habitat within 
those headwater stream systems.  In addition, the discharges would likely convert 
previously healthy, functioning headwater streams into sources of contaminants to 
downstream waters that would likely adversely affect wildlife in those downstream 
waters. These impacts likely will cause significant degradation of the Nation’s waters as 
described in 40 C.F.R.  230.10(c), particularly within the context of of the mine-impacted 
Coal River sub-basin and Spruce Fork sub-watershed.  As set forth in Section V.C. 

                                                 
18 In addition to stream pollution from anthropogenic land uses, elevated predator numbers from landscape-
scale forest fragmentation and the loss of riparian forest canopy could also negatively impact future 
population levels of the Louisiana waterthrush. Ongoing impacts associated with landscape disturbances, 
including defoliation, increased stream temperatures, and compositional shifts in benthic macroinvertebrate 
communities, also could reduce populations in the AMBCR. Therefore, measures of Louisiana waterthrush 
distribution and reproduction may be useful indicators of both stream and forest  ecosystem integrity. 
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below, Region III has determined that the compensatory mitigation plan for this project 
would be unlikely to compensate adequately for the impacted resources or to reduce the 
impacts described above to an acceptable level.  
 

C. Mitigation is not likely to ffset anticipated impacts 
 
The Section 404(b)(1) Guidelines require that the permit authorize only the least 
environmentally damaging practicable alternative.  40 C.F.R. 230.10(a).  In addition, no 
discharge of dredged or fill material shall be permitted unless appropriate and practicable 
steps have been taken which will minimize potential adverse impacts of the discharge on 
the aquatic ecosystem.  40 C.F.R. 230.10(d).  Thus, impacts must be first avoided and 
then minimized  It is only after practicable and appropriate steps have beeen taken to to 
avoid and minimize impacts that compensatory mitigation to offset unavoidable adverse 
impacts to aquatic resources authorized by Clean Water Act Section 404 permits and 
other Department of the Army (DA) permits may be considered.   
 
Analysis by Region III indicates that there appear to be alternative configurations that 
would avoid much of the discharges to Pigeonroost Branch and Oldhouse Branch.  
Because the scope of this Recommended Determination is limited to withdrawal of 
specification of Pigeonroost Branch and Oldhouse Branch as disposal sites for discharges 
of dredged and/or fill material in connecton with the Spruce No. 1 Mine, Region III takes 
no position at this time as to whether the alternatives that Region III has identified would 
be likely to result in acceptable or unacceptable effects on wildlife or satisfy the Section 
404(b)(1) Guidelines.  
 
If constructed as authorized the Spruce No. 1 Mine will result in direct impacts (through 
discharge of dredged and/or fill material) to approximately 35,368 linear feet (about 6.6 
miles) of stream in Pigeonroost Branch and Oldhouse Branch.   The impacts from these 
discharges are discussed in Sections V.A. & V.B. above. 
 
While Region III recognizes that the project includes mitigation efforts (including stream 
creation and enhancement of existing streams) to compensate for unavoidable adverse 
impacts, Region III is concerned that known compensatory mitigation techniques would 
be unlikely to replace the high quality resources in Pigeonroost Branch and Oldhouse 
Branch.   Additionally, Region III believes that the current mitigation plan does not 
adequately account for the quality and function of the impacted resources.  
 
The Compensatory Mitigation Plan (CMP) submitted by Mingo Logan describes on-site 
and off-site, in-kind mitigation.  On-site compensation would include the restoration of 
7,132 linear feet of stream segments temporarily impacted by the sedimentation ponds, 
and the creation of 43,565 linear feet of on-bench stream channel within the project area.  
Off-site compensation includes stream enhancements to Spruce Fork and Rockhouse 
Creek through a combination of physical, aquatic habitat, and stream stabilization 
improvements.  Finally, the CMP proposes to direct surface water flow from the project 
area in existing drainage ways to promote the development of more defined channels, 
thus creating 26,625 linear feet of streams. 
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Both EPA and the USFWS have regularly identified problems with the mitigation 
techniques that are part of the CMP for the Spruce No. 1 Mine.  Region III's comments 
on the 2006 draft and final EISs for the Spruce No. 1 Mine expressed concern that the 
compensatory mitigation plan did not fully mitigate all adverse impacts and was 
inadequate in terms of its lack of functional assessment and concerns whether headwater 
stream creation would in fact replace impacted resources   Region III emphasized the 
importance of headwater stream functions that would be lost and likely not replaced, 
particularly by conversions of existing drainageways to streams as described in the CMP. 
In their December 4, 2001, letter the USFWS expressed similar concerns that the 
proposed mitigation was unlikely “to provide sufficient mitigation for permanent stream 
and riparian habitat loss and for the losses of the functions and values of the stream to 
aquatic species in the fill footprint and to the downstream ecosystem.”   
 
As discussed below, the project fails to include all appropriate and practicable steps to 
minimize and compensate for the project’s adverse impacts on the aquatic ecosystem as 
required by 40 CFR 230.10(d).  Further, EPA Region III believes that the anticipated 
level of adverse impacts associated with the Spruce No. 1 Mine will not be adequately 
offset by the required compensatory mitigation.   
 

1. Proposed mitigation likely will not replace high quality 
resources in Pigeonroost Branch and Oldhouse Branch 

 
There is no evidence in the peer-reviewed literature that the type of stream creation 
included in the CMP will successfully replace lost biological function and comparable 
stream chemistry to high quality stream resources, such as Pigeonroost Branch and 
Oldhouse Branch.  Studies have demonstrated that replacement of streams is among the 
most difficult and frequently unsuccessful forms of mitigation. Even if stream structure 
and hydrology can be replaced, it is not clear that replacing structure and hydrology will 
result in true replacement of functions, especially the native aquatic community and 
headwater functions.  Based upon these studies, the Corps and EPA have stated: 
 

 “We recognize that the scientific literature regarding the issue of stream 
establishment and re-establishment is limited and that some past projects have had 
limited success (Bernhardt and others 2007).  Accordingly, we have added a new 
paragraph at 33 CFR 332.3(e) (3) [40 CFR 230.93(e) (3)] that specifically notes 
that there are some aquatic resources types that are difficult to replace and streams 
are included among these.  It emphasizes the need to avoid and minimize impacts 
to these ‘difficult-to-replace’ resources and requires that any compensation be 
provided by in-kind preservation, rehabilitation, or enhancement to the extent 
practicable.  This language is intended to discourage stream establishment and re-
establishment projects while still requiring compensation for unavoidable stream 
impacts in the form of stream corridor restoration (via rehabilitation), 
enhancement, and preservation projects, where practicable.”19 

                                                 
19 EPA recognizes that the effective date of the regulations governing compensatory mitigation that were  
promulgated at 73 Fed. Reg. 19594 (April 10, 2008) is June 9, 2008, and therefore those regulations do not 
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Furthermore, the USFWS frequently has stated that, “we continue to believe that it is not 
possible to fully replace the critical aquatic and terrestrial ecosystem functions of healthy 
headwater streams,” and that USFWS “is not aware of any scientific support for the 
concept that . . . ditches can be considered biologically equivalent to, or even rough 
approximations of, flowing streams.”  
 
The streams of Pigeonroost and Oldhouse Branch have been shown to exhibit high water 
quality and high functioning capacity.  Given the difficulty of stream re-establishment to 
mitigate for impacts to streams in general, Region III believes it is even more unlikely 
that high value streams such as these can be replaced by on-site stream creation 
techniques involving conversion of sediment ditches.  EPA Region III believes that the 
mitigation for the Spruce No. 1 project is unlikely to offset the anticipated impacts to an 
acceptable level. 
 

2. The compensatory mitigation plan is based upon a 
misclassification of the impacted resources 

 
The starting point for an adequate compensatory mitigation plan is accurate 
characterization of the impacted resources.  Region III believes that the compensatory 
mitigation plan is based upon a misclassification of impacts to perennial and intermittent 
streams, thereby resulting in an insufficient baseline from which to design adequate 
stream compensation.  
 
Overall, through onsite visits and biological data collection, Region III conservatively 
estimates that, within the mine footprints of Right Fork Seng Camp, Pigeonroost, and 
Oldhouse Branch, over five miles of stream (~27,000 feet) are perennial. This is in 
contrast to the DA Permit estimation of 165 feet of perennial waters within the entire 
project area. This misclassification has a critical impact upon the type of mitigation that 
would be required to offset these impacts.  The resource type plays an important role in 
the types of expected aquatic communities, the degree in which each resource provides 
structure and function, and the amount of organic matter and nutrients (and contaminants) 
ultimately retained or loaded to receiving streams.  This misclassification means that the 
compensatory mitigation plan does not properly account for, and therefore would not 
offset the full range of adverse impacts related to the project.  A more detailed description 
of EPA’s analysis of stream type is described in Appendix 3.   
 
  3. The compensatory mitigation plan lacks an adequate functional 
   assessment 
 

                                                                                                                                                 
apply to DA Permit No. 199800436-3 (Section 10: Coal River).  Nevertheless, the above-quoted statement, 
taken from the preamble to those regulations, summarizes scientific research and literature that is 
applicable to consideration of the likely efficacy of the compensatory mitigation proposed for the Spruce 
No. 1 Mine. 
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In addition to being based on a misclassification of resource type, the CMP also is based 
upon an inadequate functional assessment of the impacted resources.  Compensatory 
mitigation must replace the aquatic resource function lost or adversely 
affected by authorized activities. Therefore, to ensure that the functions are being 
replaced, the compensatory mitigation must create/restore streams that are capable of 
sustaining comparable biological, communities and  chemical and physical characteristics 
of the streams that have been eliminated by the mining activity.   
 
The CMP utlized an assessment method referred to as the Stream Habitat Unit (SHU) 
method to calculate mitigation debits and credits. This assessment entails a combination 
of linear lengths of impact, habitat assessment scores, and stream hydrological status20. 
The SHU as presented in the CMP only accounts for the physical aspects of stream 
condition and fails to account for the interrelationship of water chemistry and biological 
resources in stream functioning. 
 
The USFWS expressed this concern in regard to the CMP: 
 

“The Stream Habitat Unit (SHU) assessment methodology selected by the 
applicant only considers the physical characteristics of the stream. It does not 
include biological or chemical characteristics of the stream. Without those 
attributes, the assessment does not meet the requirements of a “functional” 
assessment. The Service recommends that the applicant use an assessment 
method that incorporates biological and chemical, as well as habitat, 
characteristics to determine the true function of the stream.” 

 
The basis for the SHU as presented by the CMP is based on the premise that stream 
habitat (HAV as scored by EPA’s RBP Habitat Assessment) accounts for the total 
ecological “currency” at the site.  This premise has been demonstrated to be flawed.  
Studies (for example, Fritz et al., 2010) have found no correlation between functional 
measurements and RBP Habitat Assessments. More importantly, there was no use of 
existing water chemistry or biological resource measurements factored into the SHU’s 
ecological currency of the sites.  This shortcoming underscores the need for a more 
thorough investigation of impacts and mitigation offsets.   
 
Since the permittee applied the SHU methodology, which has no functional component, 
to describe the streams, the compensatory mitigation plan only addresses the physical 
elements of the streams.  As a result of this EPA believes the current CMP does not 
adequately account for or replace the functional components of the lost streams.  Region 
III does not believe that increased ratios of intermittent or ephemeral streams offsets this 
inadequacy. While DA Permit No. 199800436-3 (Section 10: Coal River) refers to 
biological success criteria, the permit terms do not clearly require the replacement of lost 

                                                 
20 Even though the Corps did not finally rely solely on the SHU for mitigation requirements, the Corps did 
not categorically prevent the permittee from using this approach as a basis for its mitigation plan, and 
thereby allowing Mingo Logan to use this approach to help justify their mitigation performance and success 
criteri a. 
. 
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biological function and comparable stream chemistry to meet adequate compensatory 
mitigation success criteria.   
 

4. Conversion of erosion control channels would be unlikely to 
successfully replace the impacted resources 

 
Based on observations of other on-bench SMCRA drainage or erosion control ditches 
(Kirk 1999; Green et al. 2000, and Gingerich 2009), the CMP’s proposed conversion of 
these ditches is unlikely to successfully replace the impacted resources, alone or in 
concert with other proposed mitigation contained in the CMP.  Over 50% of the linear 
stream length in the Spruce mitigation plan relies on conversion of ono-bench SMCRA 
drainage or control ditches.  On-bench sediment ditches are a consequence of SMCRA-
required Best Management Practices (BMPs) to control runoff.  Data show that water 
quality in these types of sediment ditches in the MTM region is typically highly degraded 
as a result of water in these ditches percolating through mine spoil.  Even when the 
sediment ditches are enhanced for benthic substrata and riparian vegetation, such as 
through adding boulder clusters every 500-1000 feet, resulting water quality will likely 
be so degraded that the ditches will not meet or exceed pre-mining water chemistry 
baselines. 
 
As described previously, degraded water chemistry (such as the addition of conductivity 
and selenium as a result of water percolation through mine spoil) typically results in 
degraded biological communities.  As a result of this degraded water chemistry, these 
created waterbodies would be unlikely to support the healthy and diverse biological 
communities that they are intended to replace. These created streams would be 
considered degraded and would be unlikely to successfully replace Pigeonroost Branch 
and Oldhouse Branch as sources of freshwater dilution and healthy biological 
communities and function, either alone or in concert with other proposed mitigation 
contained in the CMP. 
 
A more detailed discussion of on-bench sediment ditches for mitigation is provided in 
Appendix 3. 
 

5. The CMP does not account for the loss of ecological services of 
headwater streams 

    
Another compelling problem with the Spruce No. 1 CMP is the separation of the 
ecological elements into single, separate aspects of the ecology with limited treatment of 
the interconnectedness of the entire ecosystem.  The forested slopes and coves located 
within the Spruce No. 1 project area are drained by a dendritic mosaic of ephemeral, 
intermittent and perennial headwater streams and water courses.  The watershed is 
inextricably linked with the stream system that drains it.  The overwhelming bulk of the 
organic matter that sustains the stream biota in Spruce Fork is a function of the upstream 
environment.   
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In a pre-mined condition receiving streams are recipients of allochthonous (i.e., material 
originating from outside of the stream system) material and water inputs (i.e., surface, 
subsurface and groundwater) from the surrounding forested communities.  The post-
mined environment, however, creates severely altered conditions in stream courses that 
are not destroyed by valley fills.  Those alterations include: 
 

a. Elimination of water and processed organic material from former 
upstream tributaries that will be under valley fills. 

 
b. Altered contributions of water and allochthonous material from the 

surrounding upland watershed.  This is due to the altered character of the 
soil and vegetation communities in a post-mine environment. 

 
c. Altered hydrograph with new flow regimes that markedly depart from that 

under which the streams have evolved. 
 
d. Altered timing, temperature and chemical composition of post-mine 

discharges of water to receiving streams. 
 
Mountaintop mining and associated valley fills profoundly alter the contributing 
watershed.  Effectively the new landscape widely departs from that within which the 
stream network has evolved.  The subsequent ecosystem is an entirely new system.  
Assumptions that much of the structure and function of the pre-mined conditions can be 
recaptured with mitigation are very optimistic and highly speculative. 
 
In summary, Region III believes that it is unlikely that the adverse impacts associated 
with the Spruce No. 1 project as authorized would be offset by the mitigation described in 
the CMP.  
 

D. Summary 
 
In summary, Region III believes that Spruce No. 1 Mine would eliminate the entire suite 
of important physical, chemical and biological functions provided by the streams of 
Pigeonroost Branch and Oldhouse Branch including maintenance of biologically diverse 
wildlife habitat.  Region III maintains that impacts to these functions at the scale 
associated with this project will result in significant degradation (40 CFR 230.10(c)) of 
the Nation’s waters, particularly in light of the extensive historic stream losses in the 
Spruce Fork and Coal River watersheds.  Region III does not believe the potential 
impacts of these stream resources can be adequately mitigated to reduce the impacts to an 
acceptable level by the compensatory mitigation described in the CMP.   
 
VI. Other Considerations 
 
As set forth above, Region III has determined that the impacts from the discharges to 
Pigeonroost Branch and Oldhouse Branch as authorized by DA Permit No. 199800436-3 
(Section 10: Coal River) described in Section V would be likely to have an unacceptable 
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adverse effect on wildlife that will not be offset by the compensatory mitigation plan.  
This section identifies other, additional considerations that are of concern to the Region 
but are not part of the basis for our conclusion that the impacts would be likely to have an 
unacceptable adverse effect. 
 

A. Impacts From Activities Dependent Upon Specification of Pigeonroost 
Branch and Oldhouse Branch as Disposal Sites for the Construction 
of Valley Fills and Sedimentation Ponds for the Spruce No. 1 Mine 

 
To the extent that discharge of excess spoil to areas outside jurisdictional waters and 
other mining-related activites, such as deforestation, necessarily depend upon 
specification of Pigeonroost Branch and Oldhouse Branch for construction of valley fills 
and sedimentation ponds for the Spruce No. 1 Mine, Region III has considered those  
impacts.   
 
  1. Migratory Birds 
 
Approximately 2,278 acres of deciduous forests will be destroyed by the Spruce No. 1 
Mine.  Among the many migratory birds likely to breed in the project area, there are six 
species that the USFWS has designated as Birds of Conservation Concern within the 
Appalachian Mountains Bird Conservation Region that may be impacted by Mountaintop 
Mining – Valley Fills.  These include the cerulean, Kentucky, Swainson’s and worm-
eating warblers, the wood thrush, and the Louisiana waterthrush.  The water-dependent 
Louisiana waterthrush was discussed in Section V.B.2.d above.  The other five avian 
species are also designated as BCC species within the USFWS’s Northeast Region as a 
whole and nationally (U.S. Fish and Wildlife Service 2008).  The first four are also 
considered to be among the 100 most at-risk bird species in North America (Wells 2007).   
 
Cerulean and worm-eating warblers are also both area-sensitive species that rely on large 
blocks of intact, mature, interior forest habitats to support productive breeding 
populations.  The cerulean warbler breeding population is thought to have declined by 
about 75% over the past 45 years – the most dramatic decline of any North American 
warbler monitored by the Breeding Bird Survey (Sauer et al. 2005).  Both species are 
threatened by the loss and fragmentation of these habitats (U.S. Fish and Wildlife Service 
2007, Wells 2007).  Deforestation associated the Spruce No. 1 Mine may adversely 
impact their breeding populations (Weakland and Wood 2005, Wells 2007). 
 
The project also could impact other bird species that rely on mature forest habitats. Bird 
species that rely on mature forest habitats that are abundant in the Appalachian region are 
Kentucky warblers in the understory; and wood thrush, Swainson’s warbler, Acadian 
flycatcher, and ovenbirds in mesic hardwoods. These and many other avian species are 
all impacted by forest fragmentation and habitat loss, such as that which would occur in 
connection with the Spruce No. 1 mine.  Spatial analyses of the effect of Appalachian 
mountaintop mining on interior forest indicate that the loss of interior forest is 1.75-5.0 
times greater than the direct loss of forest due to mountaintop mining.  Investigators 
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concluded that the loss of Appalachian interior forest is of global significance due to the 
rarity worldwide of large expanses of temperate deciduous forest.   
 
The Spruce No. 1 Mine will impact mature forested habitat, over a substantial timeframe, 
replacing the impacted areas with reclaimed areas dominated by grasses and herbaceous 
species. Many reclaimed areas such as those expected at Spruce No. 1 show little or no 
regrowth of woody vegetation even after 15 years. The PEIS found significant 
differences in bird populations between forested and reclaimed sites, namely the loss of 
the above-mentioned species, and subsequent replacement by more opportunistic 
grassland species. Also, the loss of the healthy headwater areas of Spruce Fork will 
reduce the feeding and foraging areas available to specialist bird species in this 
ecoregion.  This reduction in available habitat could potentially impact their viability in 
the Spruce Fork watershed and the larger ecoregion. 
 
In recent communications with Region III (August 2010) in regards to EPA’s Proposed 
Determination on the Spruce No. 1 Mine the USFWS indicated its belief that past 
selective logging in some parts of the project area would not preclude use of the site by 
forest interior species of migratory birds or that birds currently using the project area 
during the breeding season will be unaffected by the mine and associated valley fills.  
The USFWS evaluated the terrestrial habitats of the project area and concluded that 
construction of the mine was likely to impact migratory birds via the loss and 
fragmentation of forest habitat, decreasing habitat heterogeneity, increasing isolation of 
populations, and increasing exposure to nest predators and parasites (U.S. Fish and 
Wildlife Service 1998). 
 
The USFWS expressed concerns specific to bird populations within the Coal River Sub-
basin related to adverse impacts of the Spruce No. 1 Surface Mine.  These concerns 
included …”direct loss of habitat and direct and indirect loss of food resources, for forest 
interior and riparian-obligate species of migratory birds, including six species the Service 
considers Birds of Conservation Concern (i.e., cerulean, Kentucky, Swainson’s, and 
worm-eating warblers; Louisiana waterthrush; wood thrush)” (USFWS, 2008). 
 
The USFWS also continues to believe that construction of the Spruce No. 1 Surface Mine 
will adversely impact these and other forest-breeding migratory birds.  The valley fills 
will result in the permanent loss of headwater streams that may be used by Louisiana 
waterthrushes.  The USFWS indicates they are unaware of peer-reviewed research that 
suggests that these birds will simply relocate to an adjacent, unimpacted watershed and 
have comparable survival and reproductive success.  The downstream increases in 
conductivity, selenium and perhaps other contaminants are also likely to adversely affect 
those waterthrushes not excluded by the direct impacts of the fill via impacts to their food 
base.  In some freshwater food webs, selenium has bioaccumulated to four times the level 
considered toxic, which can expose birds to reproductive failure when they eat fish or 
insects with high selenium levels. 
 
While the work of the Appalachian Regional Reforestation Initiative (ARRI) shows 
substantial promise for better reclamation of mined lands, it has not been demonstrated 
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that these reclaimed areas will generate and sustain forests that provide habitat 
characteristics and qualities comparable to those of native forest.  For these reasons, the 
USFWS believes that construction of the Spruce No. 1 Surface Mine is likely to result in 
permanent and/or long-term loss of breeding habitats important to several migratory bird 
species of conservation concern. 
 
  2. Bats 
 
Large-scale mountaintop removal/valley fill mining has been identified among the threats 
to bat species in the region according to information supplied to EPA by the USFWS. 
Loss of the bat’s habitat, foraging areas, and food sources – in conjunction with recently 
identified concerns related to white-nose syndrome – may result in unacceptable adverse 
impacts to these wildlife resources. 
 
As set forth in Section IV.B.5., it is possible that Indiana bats could occur in or near the 
project area, and that they could be impacted by the loss of forest habitat associated with 
the Spruce No. 1 Mine and by the loss of headwater streams, riparian areas and 
associated aquatic and terrestrial insects, as well as by the downstream degradation of 
these resources likely to be caused by the project.   
 
In addition to Indiana bats, the USFWS was recently petitioned to list two other bat 
species, the eastern small-footed bat and northern long-eared bat, under the Endangered 
Species Act (Center for Biological Diversity 2010).  Like Indiana bats, these two species 
are susceptible to population-level impacts from White Nose Syndrome (WNS), which 
has devastated some populations of eastern bats.  Both species occur in the vicinity of the  
Spruce No. 1 Surface Mine, and both were captured during mist net surveys at the project 
site.  Five eastern small-footed bats and 16 northern long-eared bats were captured during 
mist net surveys in 2004, representing 7.6 and 24.2 percent, respectively, of all bats 
captured (U.S. Army Corps of Engineers 2006, Appendix M).  Given the rapid spread 
and potentially dramatic effects of WNS, the potential exists that even more bat species 
could decline to the point that listing under the ESA will be warranted.  
 
If WNS affects West Virginia bats as it has bats in other states, and if large die-offs 
occur, it will further complicate the already complex challenge of conserving bat species. 
Previous mining and logging activities and forest loss have also been identified as having 
adverse affects on bat populations. Commonly used reclamation techniques, many of 
which are designed to minimize erosion and provide backfill stability, are incompatible 
with re-establishment of trees necessary for successful roosting by bats. Such 
reclamation techniques have the potential to further stress bat populations. 
 
 B. Environmental Justice Concerns 
 
Environmental Justice is the fair treatment and meaningful involvement of all people 
regardless of race, color, national origin, or income with respect to the development, 
implementation, and enforcement of environmental laws, regulations, and policies. EPA 
has this goal for all communities and persons across this Nation.  Executive Order 12898 
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directs:  “To the greatest extent practicable…each Federal agency shall make achieving 
environmental justice part of its mission by identifying and addressing as appropriate, 
disproportionately high and adverse human health or environmental effects of its 
programs, policies, and activities on minority populations and low-income 
populations…”  
 
According to the 2000 United States Census, Spruce No. 1 is located in a census block 
group which contains 335 people.  A census block group is a geographical unit used by 
the U.S. Census Bureau (Bureau) which is between a census tract and a census block in 
size and scale. It is the smallest geographical unit for which the Bureau publishes data.  
Census block groups generally contain between 600 and 3,000 people, with a target size 
of 1,500 people.  
 
Spruce No. 1 is located in a census block group where the average per capita income is 
$15,411.  This is over $6,000 less than the national average of $21,587 and over $1,000 
less than the West Virginia state average of $16,477.  The average median family income 
is also almost $13,000 less than the national average of $52,029.  Moreover, 24% of the 
residents of Logan County live below the poverty line which also exceeds state and 
national averages.   
 
Region III notes that the Corps included a discussion of environmental justice in the 
Spruce No. 1 EIS, however, as noted in EPA's comment letters in June and October 2006, 
the Region III remains concerned that the Corps did not fully consider and address the 
potential for disproportionately high and adverse effects on this population.  EPA’s 
environmental justice analysis indicates that there may be a disproportionately high and 
adverse impact on the low income population affected by the mining activity.  
Additionally, EPA remains concerned that the local community did not have the 
necessary information, or the opportunity, to meaningfully participate in the EIS process.  
Specifically, EPA is concerned the community was not informed when changes were 
made to different aspects of the mine project during the permitting and EIS process and 
therefore was not able to meaningfully comment on the final aspects of the mine.   
 
Consideration of these issues in the context of authorizing the significant disturbance 
associated with construction of valley fills associated with the Spruce No. 1 Mine should 
include a characterization of the status of residents near the site and the conditions they 
face including any effects relating to the proximity of the blasting zone, locations of 
discharges of fill material, truck traffic, noise, fugitive dust, and habitat loss.  Information 
concerning sources of drinking water for the effected populations (including municipal 
water supplies and private sources of drinking water including streams and/or wells) also 
should be considered.   
 
The cultural implications of mountain top mining also were not sufficiently considered.  
The mountains affected by Spruce No. 1 are viewed as a cultural resource by many 
residents.  In many cases the mountains have helped define their society and influence 
their daily lives.  For example, the mountain ridges of southern West Virginia have for 
over two centuries been viewed largely as a “commons,” where local residents have 
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gathered wild medicinal herbs such as American Ginseng (Panax quinquefolius) and 
Goldenseal (Hydrastis Canadensis).  In many cases, collection of these wild herbe 
provide much needed extra income to local communities during times of unemployment 
or economic hardship (Baily 1999, Hufford, 1997).  Removing these mountains may have 
profound cultural changes on the residents in the area so it is important that cultural 
impacts be considered as well. 

 
It is important that consideration be given as to whether the types of impacts described 
above will extend over a broad area or will be concentrated in particular areas.  Detailed 
maps outlining the residential areas in relation to these activities may help accomplish 
this.  It is also important that the effects be considered both independently and 
cumulatively.  Considering the effects cumulatively provides the most realistic 
“snapshot” of what the community will be facing when the project reaches fruition.  
Having this information readily available will help engage the affected communities 
during public outreach and ensure that they can be meaningfully involved. 
 
EPA considers action pursuant to section 404(c) within the scope of the policy directive 
of Executive Order 12898.  A section 404(c) action has the potential to affect human 
health or the environment of low-income or minority populations.  Accordingly, EPA 
includes environmental justice concerns when undertaking an action pursuant to section 
404(c).   In this case, Region III conducted a public hearing on May 18, 2010 and 
received comments both orally and in writing.  Region III has considered that members 
of the community expressed concern about loss of jobs and tax revenue (supporting local 
communities and schools) in the event that EPA's Section 404(c) action would preclude 
any activities currently authorized at the Spruce No. 1 Mine.  At the same time, Region 
III also has considered that members of the community have expressed concern regarding 
the adverse environmental and cultural aspects of the project described above.  EPA also 
has received a petition from a variety of stakeholders raising concerns related to 
environmental justice issues associated with mountaintop mining. 
 
In order to satisfy Executive Order 12898, EPA has considered whether there is a 
“…disproportionately high and adverse human health or environmental effects…” from 
its regulatory action. The scope of the inquiry for purposes of EPA's environmental 
justice analysis is directly tied to the scope of the regulatory action that EPA is taking.  In 
the context of a Clean Water Act Section 404(c) action, EPA is authorized to prohibit, 
restrict, or deny specification (or withdraw specification) of the discharge of dredged or 
fill material at defined sites in waters of the United States whenever it determines that use 
of such sites for disposal would have an unacceptable adverse impact on “municipal 
water supplies, shellfish beds, fishery areas (including spawning and breeding areas), 
wildlife, or recreational areas.”  
 
Accordingly, EPA has considered its environmental justice analysis in the context of this 
Recommended Determination under Section 404(c) action the potential effects 
prohibiting the discharge will have on the municipal water supplies, shellfish beds, 
fishery areas, wildlife and recreational areas (i.e., 404(c) resources) of the project site. 
EPA also considered whether those effects, if any, of EPA’s 404(c) action on the 404(c) 
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resources will have a “disproportionately high and adverse human health or 
environmental [effect]” on “minority populations and low-income populations” of the 
project area.  
 
EPA concludes, to the greatest extent practicable, after performing the EJ analysis 
contemplated in Executive Order 12898, and incorporating public comment, thatthis 
Recommended Determination under 404(c)  in and of itself or if incorporated within any 
Final Determination, will not have a disproportionately high and adverse human health or 
environmental effect on the low-income and minority populations of the project area.  
EPA notes that the scope of this Recommended Determination is limited to withdrawal of 
specification of Pigeonroost Branch and Oldhouse Branch as disposal sites for the 
discharge of dredged and/or fill material for the construction of valley fills and sediment 
ponds associated with the Spruce No. 1 Mine as currently authorized.  This action neither 
prohibits nor authorizes coal mining. 
 

C. Public Health 
 
As interest in the overall environmental and human health effects from mountain top 
mining has been increasing, a growing body of research has suggested that health 
disparities are not uniformly distributed across the Appalachian region but are 
concentrated in areas, like the Spruce No. 1 Mine project area, where MTM activity takes 
place.  Region III has conducted a preliminary review of existing literature on health 
impacts from MTM.  The studies reviewed by Region III sought to evaluate whether 
associations between MTM and health exist.  These studies do not provide direct 
assessments of environmental air and water quality in mining areas in relation to 
individual exposures and health outcomes. This more comprehensive research, including 
environmental chemical analyses and biological monitoring, would require significantly 
greater study than is appropriate for this Recommended Determination.   
 
However, the results of these associational studies identify significant correlations 
between MTM activity and a variety of health disparities.  These study findings indicate 
that health disparities are elevated in Appalachian coal mining regions for mortality rates 
for chronic respiratory, cardiovascular, and kidney disease, and for some forms of cancer 
including lung cancer.  These studies by their nature could not and do not establish any 
causal linkage between MTM and these elevated rates of adverse health effects, but 
because they point to significant associations between MTM and elevated rates of 
adverse health impacts, the results warrant more research using rigorous epidemiological 
methods.  The existing body of literature suggests that various negative health outcomes 
are not the result of a single exposure, but may reflect chronic exposures to multiple 
environmental contaminants, both air and/or water, which will vary for each individual. 
 
The studies noted the following: 
 
• Residents of areas in which coal mining activities take place have higher risk of 
cardiovascular disease (CVD) (OR=1.22, 95% CI 1.14-1.30), angina or coronary heart 
disease (CHD) (OR=1.29, 95% CI=1.19-1.39), and heart attack (MI) (OR=1.19, 95% CI 
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= 1.10-1.30) after adjusting for smoking, alcohol, gender, education, race, income, 
physician supply, and metropolitan status. 
 
• Lung cancer mortality is higher in heavy coal-mining areas, followed by all other areas 
of Appalachia and the nation (p<.001) after accounting for covariates of gender, 
education, poverty, race, urban status, smoking, southern states, and Appalachian 
country. 
 
• Total chronic heart, respiratory, and kidney disease, and kidney disease mortality rates 
were significantly higher in coal mining areas of Appalachia than non-coal mining areas.   
 
• Among West Virginia adults, residential proximity to heavy coal production was 
associated with poorer health status and with higher risk for cardiopulmonary disease, 
chronic lung disease, hypertension, and kidney disease, after controlling for covariates 
(Spruce No.1 mine is in an area characterized by heavy coal production. 
 
• Distance-weighted, at-risk population coal mining exposure measure was significantly 
correlated to cancer mortality in WV.  For total cancer and three cancer-type subgroups, 
exposure was correlated after controlling for smoking rates.  The variables had positive 
spatial autocorrelation and were spatially dependent.  All components of mining 
(injection, preparation plants, impoundments, and mining sites) were related to one or 
more cancer types. 
 
• Volume of coal mining significantly related to hospitalization risk for hyptertension 
(odds increased 1% for each 1462 tons of coal) and COPD (odds increased 1% for each 
1873 tons of coal) controlled for age, gender, insurance, co-morbidities, county poverty, 
county and social capital. 
 
• The heaviest coal mining areas of Appalachia had the poorest socioeconomic 
conditions.  Before adjusting for covariates, the number of excess annual age-adjusted 
deaths in coal mining areas ranged from 3,975 to 10,923, depending on years studied and 
comparison group. 
 
• Living in proximity to mining areas increases the odds of low birth weight.  In mining 
areas, odds of low birth weight are increased by 14 to 16% depending on the amount of 
mining as compared to areas with no coal mining. 
 
• Ecological integrity was inversely related to age-adjusted cancer mortality rates (total 
p<.01; digestive, breast, and respiratory p<.01; urinary p<.05), controlled for poverty, 
access to health care providers, urbanization, education, smoking.  Ecological integrity 
was significantly related to mining and cancer mortality and mining was significantly 
related to total cancer mortality. 
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D. Cumulative Impacts 
 
Fundamental to the Section 404(b)(1) Guidelines “is the precept that dredged or fill 
material should not be discharged into the aquatic ecosystem, unless it can be 
demonstrated that such a discharge will not have an unacceptable adverse impact either 
individually or in combination with known and/or probable impacts of other activities 
affecting the ecosystems of concern."  40 C.F.R. § 230.1(c).   
 
The Section 404(b)(1) Guidelines (at 40 C.F.R. § 230.11(g)) also direct that factual 
findings be made regarding cumulative impacts on the aquatic ecosystem and that those 
findings be considered in determining whether the discharge complies with the foregoing 
restriction.  To that end, the Section 404(b)(1) Guidelines describe the factual finding that 
must be made with respect to cumulative impacts as follows: 

Determination of cumulative effects on the aquatic ecosystem. (1) Cumulative 
impacts are the changes in an aquatic ecosystem that are attributable to the 
collective effect of a number of individual discharges of dredged or fill material. 
Although the impact of a particular discharge may constitute a minor change in 
itself, the cumulative effect of numerous such piecemeal changes can result in a 
major impairment of the water resources and interfere with the productivity and 
water quality of existing aquatic ecosystems. 

For purposes of this analysis, Region III has considered cumulative impacts to the Coal 
River sub-basin (891 mi2) and the Spruce Fork sub-watershed (126.4  mi2) if the Spruce 
No. 1 Mine is constructed as authorized by DA Permit No. 199800436-3 (Section 10: 
Coal River) and other reasonably foreseeable (proposed and authorized but not 
constructed) surface mining projects within the Coal River sub-basin are constructed.  
This cumulative effects analysis also takes into consideration the past and present mining 
projects within the sub-basin and sub-watershed, and the extent to which they have 
affected the current baseline conditions within the sub-basin and sub-watershed (see 
Figure 14).   
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Figure 14:  Illustration of the types of disturbance currently found in the Coal River sub-basin. 

As has been described in Section IV.A.2., the Coal River sub-basin and the Spruce Fork 
sub-watershed are already impacted by mining activity.  Based upon the National Land 
Cover Database (NLCD) change product for 1992-2001 and WVDEP’s GIS mining files, 
more than 257 past and present surface mining permits have been issued in the Coal 
River sub-basin, which collectively occupy more than 13% of the land area (see Figure 
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13). In the Spruce Fork sub-watershed, more than 34 past and present surface mine 
permits have been issued, which collectively occupy more than 33% of the land area.  
The proposed project will affect an additional 2,278 acres (3.56 mi2), which is equivalent 
to approximately 2.8% of the Spruce Fork sub-watershed. This percentage of land cover 
affected by surface mines will continue to increase in the Coal River sub-basin, as 
additional projects are proposed and authorized.  

A 1997 WVDEP ecological assessment of the Coal River sub-basin indicated that 
because the sub-basin is becoming increasingly impaired due to stressors such as mining, 
there is a need to protect the remaining quality resources, highlighting the need to 
“[l]ocate and protect the few remaining high quality streams in the Coal River 
watershed.…”   Pigeonroost Branch and Oldhouse Branch, two of the streams directly 
affected by the proposed action, are high quality resources that support an exceptionally 
high number of mayfly taxa, both within the Central Appalachian Region and statewide 
(see Appendix 1).  By directly impacting these streams, which serve as refugia for aquatic 
life and potential sources for recolonizing nearby waters, the proposed action will be 
likely to have a significant cumulative effect on the aquatic ecosystem integrity in the 
sub-basin.   

EPA is aware of at least 11 additional mining operations either proposed or authorized 
but not constructed in addition to Spruce No.1 in the Coal River sub-basin. Construction 
of valley fills and other discharges authorized by DA Permit No 199800436-3 (Section 
10: Coal River) along with these additional projects in the Coal River Sub-basin, if 
constructed, would directly impact approximately 29.4 miles of stream channels, and 
would be likely to have significant secondary and cumulative effects on downstream 
waters in the Coal River sub-basin.  Impacts from these projects can be expected to 
include reduced freshwater dilution, reduced headwater stream functional inputs, 
increased discharges of pollutants from the valley fills, including total dissolved solids 
(TDS) and selenium, and the potential to contribute to existing impairments within the 
Spruce Fork watershed and the Coal River sub-basin.    

The Little Coal watershed contains 98 miles of impaired streams (33% of the streams in 
the watershed), and the Coal River sub-basin has 743 miles of impaired streams (30% of 
the streams in the sub-basin).  WVDEP has listed these stream segments for selenium and 
biological impairment.  The additional fills associated with the proposed action, in 
combination with past and present mining by the applicant and other mining in the sub-
basin, will likely cause or contribute to significant cumulative adverse impacts to the 
stream resources in the Coal River sub-basin, and will likely contribute to current water 
quality impairments within the sub-basin.   

Preliminary results from current research based upon WVDEP data show a strong 
correlation between the percentage of a watershed that is disturbed by mining activity and 
downstream conductivity levels (see Figure 15).    
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DA Permit No. 199800436-3 (Section 10: Coal River) would likely have unacceptable 
adverse effects on wildlife.  DA Permit No. 199800436-3 (Section 10: Coal River) 
authorizes construction of valley fills and sedimentation ponds and other discharges into 
Pigeonroost Branch and Oldhouse Branch that will bury approximately 6.6 miles of high 
quality headwater streams. Pigeonroost Branch and Oldhouse Branch support diverse and 
healthy biological communities comparable with conditions in nearby White Oak Branch, 
recognized by WVDEP as supporting least-degraded, reference quality conditions.  
Pigeonroost Branch and Oldhouse Branch represent streams within the larger Spruce 
Fork sub-watershed and Coal River sub-basin that remain relatively free of water quality 
degradation.  As such, Pigeonroost Branch and Oldhouse Branch are valuable in and of 
themselves and within the context of the Spruce Fork sub-watershed and Coal River sub-
basin. 
 
As currently authorized the DA Permit discharges to Pigonroost Branch and Oldhouse 
Branch would bury wildlife that live in those streams or within the footprint of the valley 
fills and minethrough areas. Other wildlife will lose important headwater stream habitat 
on which they depend for all or part of their lifecycles.  
 
Wildlife impacts from the activities authorized by the permit will not be limited to direct 
burial of wildlife.  Burial of Pigeonroost Branch and Oldhouse Branch would likely result 
in effects to downstream waters and downstream wildlife caused by the removal of 
functions performed by the buried resources and by transformation of the buried areas 
into sources that contribute contaminants to downstream waters. In addition, currently 
authorized discharges to Pigeonroost Branch and Oldhouse Branch would be likely to 
contribute to conditions that would support blooms of golden algae that release toxins 
that kill fish and other aquatic life would likely contribute to conditions that would 
support blooms of golden algae that release toxins that kill fish and other aquatic life. 
 
Particularly in light of the high quality of the impacted resources, it is unlikely that the 
CMP for the project would offset these impacts.  The proposed on-site created streams 
will be unlikely to replace the physical, chemical, and especially biological functions of 
Pigeonroost Branch and Oldhouse Branch.   
 
For these reasons, I find that discharges to Pigeonroost Branch and Oldhouse Branch as 
currently authorized by DA Permit No. 199800436-3 (Section 10: Coal River) would be 
likely to have unacceptable adverse effects on wildlife.   
 
Region III notes that, in addition to the adverse effects that form the basis of this 
Recommended Determination, there are other impacts about which Region III continues 
to have concerns.  To the extent that discharge of excess spoil outside jurisdictional 
waters, deforestation, and other activities associated with the project depend upon 
specification of Pigeonroost Branch and Oldhouse Branch as disposal sites, adverse 
impacts on wildlife would likely  result from those dependent activities.  In addition, 
impacts from the project will contribute to cumulative impacts from multiple surface 
mining activities in the Coal River sub-basin.  Region III continues to be concerned 
regarding environmental justice issues. 
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Accordingly, pursuant to Section 404(c) of the Clean Water Act and its implementing 
regulations at 40 C.F.R. Part 231 and for the reasons set forth herein, it is my 
recommendation that the specification embodied in DA Permit No. 199800436-3 
(Section 10: Coal River) of Pigeonroost Branch and Oldhouse Branch as disposal sites 
for discharges of dredged and/or fill material for construction of the Spruce No. 1 Surface 
Mine be withdrawn. 
 
 
Dated:          September 24, 2010        ____________________________________ 
      Shawn M. Garvin 
      Regional Administrator 
      EPA Region III 
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• Deer hunting is the most popular hunting and fishing-related public use on the refuges.  
Hunting programs also offer opportunities to take dove, waterfowl, rabbits, squirrels, 
raccoons, other fur bearers, turkey, and feral swine.  Large portions of the refuges are 
accessible by all-terrain vehicles on designated trails, which are only available for 
hunting and fishing purposes.  

• Waterfowl hunting is the second most popular hunting and fishing-related public use on 
the refuges.  Records obtained through hunter use card returns on Panther Swamp NWR 
indicate that approximately 1,000 people hunt waterfowl each year depending on 
waterfowl abundance which is dependent on available rainfall, backwater flooding and 
riverine sources for food and rest areas. The proposed pump project will result in 
reductions in spring flooding, which will reduce the quality and quantity of waterfowl 
habitat during the remainder of the year.  This would cause waterfowl to disperse to other 
locations on and off the affected area of the refuge.  Hunters will then seek alternate areas 
causing a negative impact to waterfowl hunting on the NWR and the local economy.  

• Fishing is the third most popular hunting and fishing-related public use on the refuges.  
There are numerous lakes and streams suitable for fishing on the refuges, and boat ramps 
are available on Panther Swamp NWR.  In 2007, 3,000 visits were associated with 
fishing within the affected area of Panther Swamp NWR.  Most of this is subsistence 
angling by economically disadvantaged people in the local area.  Further degradation of 
the fishery anticipated as a result of the proposed project would reduce quality fishing 
opportunities on Panther Swamp NWR dramatically impacting local anglers.  

 
The FWS fully anticipates that the proposed project’s adverse impacts to fish and wildlife habitat 
values on the four NWR’s in the Yazoo Backwater Area would adversely impact visitation and 
recreational opportunities, as well as environmental education and interpretation opportunities at 
these refuges – particularly as examples of remaining intact Lower Mississippi Alluvial Valley 
bottomland hardwood ecosystems.  Although EPA does not cite impacts to recreation as a basis 
for this Final Determination, it is likely that these impacts would be significant. 
 
B.  Environmental Justice    
 
In recognizing that minority and/or low-income communities frequently may be exposed 
disproportionately to environmental harms and risks, EPA is committed to protecting these 
burdened communities from adverse human health and environmental effects, consistent with 
Executive Order 12898 (EO), “Federal Actions to Address Environmental Justice in Minority 
Populations and Low-Income Populations (Feb. 11, 1994).”  The main provision of EO 12898 
states that “To the greatest extent practicable and permitted by law,…each Federal agency shall 
make achieving environmental justice part of its mission by identifying and addressing, as 
appropriate, disproportionately high and adverse human health or environmental effects of its 
programs, policies, and activities on minority populations and low-income populations”  (EO 
12898, Section 1-101). 
 
During its NEPA review of the Yazoo Backwater Area Project, the Corps included an 
environmental justice (EJ) analysis, conducted pursuant to EO 12898, in the FSEIS (FSEIS, 
Appendix 8 – Problem Identification/Socio-Econ Profile/Environmental Justice).  Because EO 
12898 directs agencies to implement its provisions “consistent with, and to the extent permitted 
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by, existing law” (EO 12898, Section 6-608), the scope of an EJ analysis is directly tied to the 
statutory and regulatory authority for the federal agency action.  When the Corps reviews a 
project to determine whether to grant authorization under CWA section 404, it conducts a broad 
“public interest review” based on an evaluation of the “probable impacts, including cumulative 
impacts, of the proposed activity and its intended use on the public interest” (33 CFR 320.4).  In 
addition, under NEPA, the Corps examines the environmental effects, including human health, 
economic and social effects, of the project (33 CFR 230.1 and 230.4; 40 CFR 1508.8 and 
1508.14). 25  Thus, in conducting its EJ analysis for the Yazoo Backwater Area Project the scope 
of the Corps’ authority was broad and it considered a wide range of environmental, social and 
economic factors.  
 
The Corps’ EJ analysis discusses the general demographics of the project area, potential flood 
protection and potential economic development that could accrue from the project within 
communities with potential EJ concerns.  EPA commends the Corps for including the EJ analysis 
in the FSEIS.  However, the Corps EJ analysis may convey a message to members of 
communities with potential EJ concerns that specific flood control and economic development 
benefits will follow the completion of the project.  Given the communities’ expectations of the 
benefits of the project, EPA believes that it is appropriate to discuss the proposed benefits of the 
project that EPA believes may not be realized.  
 
The Corps has not demonstrated which surrounding communities will be protected and which 
will remain subject to flooding after the project is completed.  Since publication of the FSEIS, 
the Corps has provided EPA with Corps flood maps and GIS data indicating the location of 
structures within the 10-, 50-, and 100-year floodplains of the project area.  According to the 
Corps’ maps, most structures within the sparsely populated project area will not be protected 
from future flooding while a portion of the structures will benefit from the project.  However, the 
maps do not include elevation information, structure type (i.e., residence, business, farm 
building, garage, etc.), whether the structures are habitable, and if so occupied or vacant, or what 
proportion of these structures are owned/occupied by residents with potential EJ concerns.  
Without the inclusion of the relative proximity of susceptible minority and/or low-income 
populations to the floodplains, it is impossible to know whether any such communities will be 
protected against 1-year, 2-year, or 100-year floods. 
 
The Corps has not fully analyzed the impact of this project on potential economic development 
in communities with potential EJ concerns. According to the FSEIS, the primary economic 
benefits that may accrue from this project are from increased agricultural production.   However, 
the primary agricultural beneficiaries have declined over 50 years from 2,913 farmers who 
owned 140 acres each to 192 farmers who own 2,036 acres each.  While farm land use has 
increased in the area, earnings and overall contribution to the local economy have declined from 
42 percent in 1969 to 17.4 percent by 2000 (FSEIS, Appendix 8, Table 8-23).  The substantial 
decrease in small farms and farmers and the increased mechanization and industrialization within 
the project area may impact farm ownership and farm employment opportunities for members of 
communities with potential EJ concerns.  Moreover, instead of resulting in additional farming 
jobs, post-project farm employment may continue to decrease due to greater opportunities for 

                                                 
25 The requirements of NEPA do not apply to EPA when taking an action under 404(c). See CWA section 511(c)(1).  
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intensified farming and increased access to drier land, which may further promote the use of 
greater mechanization.  
 
In the Proposed Determination, EPA Region IV raised concerns that the FSEIS did not address 
potential adverse impacts to populations that depend on subsistence fishing and/or hunting.  EO 
12898 states that “[i]n order to assist in identifying the need for ensuring protection of 
populations with differential patterns of subsistence consumption of fish and wildlife, Federal 
agencies, whenever practicable and appropriate, shall collect, maintain, and analyze information 
on the consumption patterns of populations who principally rely on fish and/or wildlife for 
subsistence” (EO 12898, Section 4-4).  
 
The project sponsor’s comments on EPA’s Proposed Determination and Recommended 
Determination stated that the Yazoo Backwater Area is sparsely populated and very few people 
rely on subsistence hunting or fishing.  The Corps stated that it does not believe that the proposed 
project would adversely impact subsistence fishing and/or hunting as it relates to communities 
with potential EJ concerns.  Recent studies conclude that subsistence fishing and hunting in the 
Mississippi Delta is conducted by members of communities with potential EJ concerns (Brown, 
Xu and Toth 1998).  EPA notes that those practices could be affected by the proposed project’s 
adverse impacts on the areas’ fisheries and wildlife resources.  Brown and Toth (2001) state that 
“[t]he rich natural resource base of the [MS] Delta is accessed extensively and in some cases 
intensively by local residents.”  Brown and Toth also state that white subsistence fishers in the 
Mississippi Delta eat over 100 pounds of fish a year, while African American subsidence fishers 
may consume fish at even greater numbers.  As evidence of current subsistence fishing and/or 
hunting, EPA received comments from FWS; conservation organizations (e.g., American Rivers, 
Gulf Restoration Network, National Wildlife Federation, National Audubon Society, etc.); and 
private citizens, stating that low-income and minority residents in the Yazoo Backwater Area 
rely on fish and other wildlife, taken from the project area, to supplement their food sources and 
income and can be classified as subsistence fishers and/or hunters.  FWS stated “[i]n 2007, 3,000 
visits were associated with fishing within the affected area of Panther Swamp NWR [in the 
Yazoo Backwater Area].  Most of this is subsistence angling by economically disadvantaged 
people in the local area.  Further degradation of the fishery anticipated as a result of the project is 
expected to reduce quality fishing opportunities on Panther Swamp NWR and this will have a 
dramatic impact to the local anglers.”  Given EPA’s conclusion above that the proposed project 
would significantly degrade critical habitat for over 50 species of fish and other wildlife in the 
Yazoo Backwater Area and the impacts to the wetlands, fish and wildlife resources cannot 
adequately be mitigated, it is likely the project could adversely impact minority and/or low-
income populations that depend on the Yazoo Backwater Area’s natural resources for 
subsistence.  
 
The project sponsor contends that, because the studies cited above were based on surveys made 
prior to the issuance of a fish advisory by the Mississippi Department of Environmental Quality 
in June of 2001, none of the data can be applied to the use of subsistence fishing by minorities 
today.  The 1998 and 2001 studies on subsistence fishing and hunting in the Mississippi Delta 
provide evidence that subsistence fishing by minorities has historically occurred and support 
EPA’s conclusion, based on comments received from the FWS and several conservation 
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organizations and individuals that subsistence fishing does in fact occur presently in the Yazoo 
Backwater Area. 
 
Again, EPA commends the Corps for including the EJ analysis in the FSEIS for the proposed 
project; however, EPA believes the Corps has not demonstrated the project would provide the 
proposed benefits of flood protection and economic development, specifically to members of 
communities with potential EJ concerns in the Yazoo Backwater Area.  Additionally, when 
determining the project would benefit members of communities with potential EJ concerns, the 
Corps did not examine whether the proposed project would adversely impact minority and/or 
low-income populations that depend on the Yazoo Backwater Area’s natural resources for 
subsistence. 
 
Like the Corps, EPA has met with the members of local communities with potential EJ concerns 
and listened to their concerns and expectations regarding the Yazoo Backwater Area Project.  
The members of communities with potential EJ concerns with whom EPA met expressed a 
strong belief, based on the proposed benefits touted by the project sponsor, that the project would 
protect their homes and property against flooding and bring economic development, jobs, and a 
return of residents to the area.  However, as noted above, these project benefits have not been 
demonstrated.  EPA is very sensitive to the importance of providing improved flood protection 
for the people living and working in the project area, which includes minority and low-income 
populations.  Although EPA's section 404(c) determination would effectively prohibit the 
construction of the pumps as proposed, the Agency continues to believe there are alternatives 
that can provide improved flood protection or mitigation of flood damage to the communities 
within the Yazoo Backwater Area and EPA remains fully committed to participating in 
discussions with other federal and state agencies, and the public, to identify a solution for 
reducing flood damages in the Yazoo Backwater Area.   
 
An EPA action pursuant to CWA section 404(c) should also consider the EJ impacts of the 
Agency’s action under EO 12898.  Given the Agency’s commitment to environmental justice, 
during the section 404(c) process it examined, to the greatest extent practicable and permitted by 
law, any “disproportionately high and adverse human health or environmental effects” that may 
result from undertaking a 404(c) action in the context of the Yazoo Backwater Area Pumps 
Project. 
 
The federal agency action that EPA is reviewing in the context of EO 12898 in this case is EPA’s 
utilization of section 404(c) to preserve the fish and wildlife resources of the Yazoo Backwater 
Area by protecting important habitat.  In the context of section 404(c), review of the Agency’s 
action under EO 12898 is unique since EPA is not the permitting authority. 
 
As stated above, the scope of an EJ analysis is directly tied to the statutory and regulatory 
authority for the federal agency action.  Under CWA section 404(c), EPA is authorized to 
prohibit, restrict, or deny the specification of a defined area as a disposal site for the discharge of 
dredged or fill material into waters of the United States only when it determines that the 
discharge would have an unacceptable adverse effect on “municipal water supplies, shellfish 
beds and fishery areas (including spawning and breeding areas), wildlife, or recreational areas.”  
Thus, when EPA examines whether there are any “disproportionately high and adverse human 
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health or environmental effects,” in the context of a section 404(c) action, EPA examines the 
potential effects prohibiting the discharge will have on the “municipal water supplies, shellfish 
beds and fishery areas, wildlife and recreational areas” (“404(c) resources”) of the project site.  
EPA then examines whether those effects, if any, of the section 404(c) action on the 404(c) 
resources will have a “disproportionately high and adverse human health or environmental 
[effect]” on “minority populations and low-income populations” of the project area.     
 
Applying the analysis above, EPA examined the potential effects of prohibiting the proposed 
project on the 404(c) resources that are located in the Yazoo Backwater Area and what effect that 
would have, if any, on members of communities with potential EJ concerns.  EPA’s section 
404(c) action, by prohibiting the project, is preventing any impact to the 404(c) resources.  With 
no project and no unacceptable adverse effect on the 404(c) resources, there are no 
disproportionately high and adverse human health or environmental effects on the minority or 
low-income populations of the project area.  
 
As stated above, EPA has questions on whether there would be substantial economic 
development or flood control benefits that would specifically go to members of communities 
with potential EJ concerns in the Yazoo Backwater Area.  However, even if there were, 
economic development and flood control are outside the scope of 404(c) and thus outside the 
scope of EPA’s EJ review under EO 12898.  EPA’s authority under 404(c) is limited to 
prohibiting, restricting, or denying the specification of any defined area as a disposal site for the 
discharge of dredged or fill material into waters of the United States only when it determines that 
the discharge would have an unacceptable adverse effect on 404(c) resources.  A section 404(c) 
review does not involve a balancing of environmental benefits against non-environmental costs, 
such as the benefits of the foregone project (see 44 FR 58078).  EPA wants to make clear that 
while economic development and flood control are outside the scope of section 404(c), and thus 
an EJ review conducted in the context of section 404(c), the Agency acknowledges the 
importance of providing improved flood protection to all community members in the project 
area, including members of communities with potential EJ concerns.  As previously stated, EPA 
remains fully committed to participating in discussions with other federal and state agencies, and 
the public, to identify a solution for reducing flood damages in the Yazoo Backwater Area. 
 
For the reasons stated above, EPA concludes that its section 404(c) determination will not have a 
disproportionately high and adverse human health or environmental effects on minority or low-
income populations of the project area.   
 
C.  Project Alternatives   
 
The FSEIS evaluates ten alternatives, including four alternatives with combined structural and 
nonstructural features, one completely structural alternative, four primarily nonstructural 
alternatives, and the “no action” alternative.  The completely structural alternative (Plan 3 in the 
FSEIS) and all of the combination alternatives (Plans 4 through 7) include a 14,000 cfs pump 
station.  They vary with respect to pump-on elevation (i.e., between 80 and 91 feet, NGVD), 
nonstructural features (except for Plan 3), and operational plans for the Steele Bayou control 



Matthew 
Klasen/DC/USEPA/US 

11/30/2010 09:13 AM

To Gregory Peck

cc

bcc

Subject Re: Discussion about KY Letter

OK -- I presume that accepting Stan's counter for 5-6 pm would solve the problem.

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

Gregory Peck 11/30/2010 09:10:37 AMLet's reschedule.  --------------------------

From: Gregory Peck/DC/USEPA/US
To: Matthew Klasen/DC/USEPA/US@EPA
Date: 11/30/2010 09:10 AM
Subject: Re: Discussion about KY Letter

Let's reschedule. 
--------------------------
Gregory E. Peck
Chief of Staff
Office of Water
U.S. E.P.A.

Matthew Klasen

    ----- Original Message -----
    From: Matthew Klasen
    Sent: 11/30/2010 09:00 AM EST
    To: Gregory Peck
    Subject: Fw: Discussion about KY Letter
Hey Greg,

He's right about the overlap between the R5 meeting and this call.  Attached are Stef's comments.

mk

[attachment "letter responding to KY questions 11-9-10sds.doc" deleted by Gregory Peck/DC/USEPA/US]

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229
----- Forwarded by Matthew Klasen/DC/USEPA/US on 11/30/2010 08:59 AM -----

From: Stan Meiburg/R4/USEPA/US
To: Gregory Peck/DC/USEPA/US@EPA



Cc: Early.William@epamail.epa.gov, Kevin Minoli/DC/USEPA/US@EPA, Matthew 
Klasen/DC/USEPA/US@EPA, Jim Giattina/R4/USEPA/US@EPA, Suzanne 
Rubini/R4/USEPA/US@EPA

Date: 11/30/2010 08:57 AM
Subject: Re: Discussion about KY Letter

Greg, et al., I have a strong sense that I have been sent a copy of the Region 3 comments on the KY 
letter but I can't find them and so am not sure how to respond.  Could you send a copy to me?

Also, there is some confusion here about the alignment of conference calls.  As I understand it, (and I'm 
sure I'm confused), there is the one you are setting up on this topic (I think), one scheduled for 4:00 today 
on Region 5's conductivity limit, and one scheduled for tomorrow morning with attorneys to talk about 402 
objections.  Greg, you had proposed a call for 4:00 today with me and Bill; but that conflicts with the 
Region 5 conductivity call, and I'd countered with a proposal to talk between 5:00 and 6:00.  Do I have this 
right?

Stan
_____________________
A. Stanley Meiburg
Deputy Regional Administrator
EPA Region 4
Sam Nunn Atlanta Federal Center
61 Forsyth Street, SW
Atlanta, GA 30303

Office: (404) 562-8357
Fax: (404) 562-9961

Email: meiburg.stan@epa.gov 

Healthier Families, Cleaner Communities, A Stronger America
http://www.epa.gov/40th

Gregory Peck 11/29/2010 01:33:36 PMStan/Bill: Does 4:00pm tomorrow work OK for yo...

From: Gregory Peck/DC/USEPA/US
To: Stan Meiburg/R4/USEPA/US@EPA, Early.William@epamail.epa.gov
Cc: Matthew Klasen/DC/USEPA/US@EPA, Kevin Minoli
Date: 11/29/2010 01:33 PM
Subject: Discussion about KY Letter

Stan/Bill:

Does 4:00pm tomorrow work OK for you to talk about the KY response?  I saw some edits to the draft R4 
letter sent by Steph Shamet - do those generally look OK to R4?

Thanks,
Greg

---------------------------------------------------------------
Gregory E. Peck
Chief of Staff
Office of Water
U.S. Environmental Protection Agency

(b) (6)





Ross 
Geredien/DC/USEPA/US 

11/30/2010 05:14 PM

To Julia McCarthy, Christopher Hunter, Marcel Tchaou, Palmer 
Hough

cc

bcc

Subject Spruce FD new version

Chris, my completed version of the FD is placed in the G drive, but it would not allow me to overwrite or 
delete the other one.  I have incorporated all the changes we discussed, including the Selenium section.  
Everything is still in red-line strikeout.  I've added all citations and then some for extra support, herp list, 
and additional minor corrections.

Ross

Ross Geredien
ORISE Fellow
EPA Office of Wetlands, Oceans, and Watersheds
202-566-1466
Geredien.ross(AT)epa.gov



Jessica 
Martinsen/R3/USEPA/US 

12/01/2010 12:50 PM

To KevinH Miller

cc

bcc

Subject Fw: Coal-Mac, Inc./Pine Creek No. 1

Monitoring and AMP for you consideration.

Jessica Martinsen
U.S. EPA Region III
Office of Environmental Programs
1650 Arch St. (3EA30)
Philadelphia, PA  19103
215-814-5144 (office)
215-814-2783 (fax)
----- Forwarded by Jessica Martinsen/R3/USEPA/US on 12/01/2010 12:49 PM -----

Coal-Mac, Inc./Pine Creek No. 1

Burdette, Terah to: Jeffrey Lapp, Jessica Martinsen 07/01/2010 11:19 AM

Cc: "Mullins, Ginger LRH", "McDaniel, John"

Jeff/Jessica –
 
As directed by Ginger Mullins earlier this morning, attached is the latest version of the AMP prepared for 
the Pine Creek project.
 
Thanks.
Terah
 
Terah S. Burdette
Permitting/Quality Assurance Engineer
Arch Coal, Inc. -- Eastern Operations
Office: 304-357-5707
Cell: 304-546-4457
Fax: 304-357-5725
 

***Email Disclaimer: The information contained in this e-mail, and in any accompanying documents, may 
constitute confidential and/or legally privileged information. The information is intended only for use by the 
designated recipient. If you are not the intended recipient (or responsible for delivery of the message to 
the intended recipient), you are hereby notified that any dissemination, distribution, copying, or other use 
of, or taking of any action in reliance on this e-mail is strictly prohibited. If you have received this e-mail 
communication in error, please notify the sender immediately and delete the message from your system.
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Pine Creek No. 1 Surface Mine 
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Introduction

 Coal Mac, Inc. (Coal Mac) submitted an application to the U. S. Army 
Corps of Engineers (USACE) to conduct dredge and fill activities associated 
with the surface mining activities in the area authorized by the West Virginia 
Department of Environmental Protection (WVDEP) on permit S-5006-07 
which was issued on September 5, 2008. 

 The proposed activities are also subject to the requirements of the Act.  
This certification was granted by the WVDEP on February 9, 2008. The 
discharge from the proposed operation is subject to the requirements of the 
NPDES Section 402 permit which was issued on August 12, 2008. 

Coal Mac is proposing to conduct surface mining operations on the 
Left Fork of Pine Creek, a tributary of Island Creek, within the Guyandotte 
River watershed. The proposed operation is 759 acres in size, which includes 
the valley fills. The total coal extraction on the project area is approximately 
14.3MM tons and is a portion of the overall Coal Mac complex which 
employs over 350 employees.  

The project area has been designed to minimize impacts to 
jurisdictional waters by hauling 4.1MM yards of excess overburden to an 
adjacent operation, designing the fills to exceed the design criteria 
established in the AOC/Fill Minimization process and by situating the 
sediment control structures as close to the area of disturbance as is 
reasonable and practicable.    This design consideration results in a reduction 
of permanent stream impacts to jurisdictional waters of approximately 6.7% 
or 781 feet and additional reduction of terrestrial impacts of 14 acres. 

 Coal Mac has designed the operation in such a manner that the 
designed valley fill elevations range from 69 feet to 99 feet above the 
elevation of the basal seam in the fill areas. The result of this design 
allowance results in a reduction of overall stream impacts of approximately 
ten percent as determined by the AOC Optimization/Fill Minimization 
process. Further, the operation utilizes only 194.6 acres of the allowable 
ESDA bank allowance of 204.7 acres resulting in an additional five percent 
reduction in impacts from filling activities. These design considerations 
result in an overall reduction in terrestrial impacts of 30 acres of the total 
project area, and a reduction of permanent impacts to jurisdictional waters of 
approximately 1,790 feet or 15%. 
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 The combined effects of the minimization and avoidance efforts 
incorporated into the design of the facility results in a combined reduction of 
permanent impacts to jurisdictional waters of 2,571 feet or 22% and a 
reduction of terrestrial impacts from filling activities of 44 acres. 

 Coal Mac has made arrangements with the surface and mineral owner 
on this project to “preserve” and to not utilize three valley fill areas on one 
of its existing operations within the Pine Creek watershed. These areas are 
currently authorized for construction of valley fills by all State and Federal 
agencies. The landowner has agreed to place deed restrictions on the 
property to restrict the use of these three valleys to preclude the construction 
of valley fills from surface mining activities. Maintaining these areas and not 
utilizing them for surface mining filling activities are intended to provide 
additional sources of dilution water within the total watershed.  Utilizing the 
West Virginia Stream and Wetland Valuation Metric, the combined 
freshwater dilution effect of these preserved areas results in the preservation 
of 4,581 Functional Credit Units (FCUs) within the watershed compared to 
the predicted permanent impacts from the Pine Creek No. 1 Mine of 12,055 
FCUs.  The preservation of these areas results in a reduction in impacts of 
38%.

The original development sequence for the facility was to work 
concurrently within Fills 1, 2 and 3 and the associated mineral removal area 
adjacent to the respective fills.   In response to concerns raised by the 
USEPA regarding freshwater dilution within the Twin Branch watershed, 
the development sequence has been revised such that Fills 1 and 3 are is the 
initial fills utilized.  Measured permanent impacts within Valley Fill No. 3 
are 2,360 Functional Credit Units compared to 3,797 Functional Credit Units 
within Valley Fill No. 2.   This revision to the development sequence will 
preserve freshwater dilution functions within the watershed during the initial 
development of the operation. 

Under the revised development sequence, Coal Mac will begin 
construction of the Pond No. 1 and 1A, which control the area with Fill No. 
1 along with Pond No. 3.  As per the revised development sequence, excess 
overburden placement within Fill No. 3 will be initiated six months after 
completion of Pond No. 1 upon demonstration of maintaining average 
conductivity concentrations less than 500 umhos at Site BF 1 & 2.    
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This Supplemental Monitoring and Adaptive Management Plan is 
developed to address concerns expressed by the U. S. Environmental 
Protection Agency (USEPA) during subsequent discussions with Coal Mac. 
The monitoring, reporting, and performance standards developed in the 
Supplemental Monitoring and Adaptive Management Plan are developed for 
incorporation into the required USACE 404 permits as part of the terms and 
conditions of that permit subject to authorization by the USACE with 
concurrence by the USEPA. 



- 5 -

Water Chemistry Monitoring 

Purpose

 The purpose of the supplemental water monitoring program is to 
evaluate the contribution from the operation on the concentrations of Total 
Dissolved Solids and Specific Conductivity within the watershed in the 
proximity of the operation. 

Water Monitoring Location

 A map depicting the location of the water monitoring sites is attached 
hereto as Exhibit A and Exhibit A.1. These locations include: 

Site CMILF –   Left Fork of Pine Creek below Phoenix 4 
Operation

Site CMDLFPC – Mouth of Left Fork of Pine Creek 
Site BF 1&2     –   Mouth of Twin Branch 
Site DSF3       –   Mouth of 3rd Left Unnamed Tributary of Left 

Fork of Pine Creek 

and the following NPDES outlets on WVNPDES permit WV1023098: 

Outfall 001 – Discharge from Sediment Pond No. 1 
Outfall 002 – Discharge from Sediment Pond No. 2 
Outfall 003 – Discharge from Sediment Pond No. 3 

 To extent practicable, monitoring Sites BF 1&2 and DSF3 will be 
located two hundred feet downstream of the NPDES outfall monitoring 
point and should be located such that backwater influences are minimized 
from the next receiving stream. 

Sampling Frequency

 Each location will be monitored two times per month. Samples will be 
collected if a discharge/flow is occurring on the scheduled monitoring event. 
To ensure comparison within the watershed, monitoring and sampling will 
occur at each of the designated sites within a 48 hour period. 
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 Samples will be collected as part of the sampling sweep for the 
NPDES permits controlled by the applicant. Sample collections will be 
separated by at least 7 days between events and by no more than 15 days, 
unless unusual circumstances preclude complying with the schedule.  

Chemical Monitoring Parameters

 Each sample location will be monitored for flow, reported in Gallons 
per Minute, and collected samples will be analyzed for: 

pH              reported as S.U. units 
Total Iron    reported as mg/l 
Total Manganese   reported as mg/l 
Total Aluminum   reported as mg/l 
Total Selenium   reported as µg/l 
Total Dissolved Solids  reported as mg/l 
Total Suspended Solids  reported as mg/l 
Specific Conductance  reported as umhos 
Sulfates    reported as mg/l 
Potassium    reported as mg/l 
Total Alkalinity   reported as mg/l 
Chlorides    reported as mg/l 
Temperature                reported as ºC
Calcium    reported as mg/l 
Magnesium    reported as mg/l 

Flow measurements

Each of the sampling locations will be developed to allow 
reproducible monitoring and sampling events. At each NPDES outfall which 
is to be monitored as part of this plan and identified in the water monitoring 
locations permanent weirs will be installed. The weir will be equipped or 
installed such that representative samples may be collected during events 
with varying rates of discharges.  Permanent weirs as used in this section 
refer to weirs that will remain in place until the drainage structures are 
removed in accordance with the requirements of the NPDES or SMRCA 
permit for the facility. 

 At each in-stream monitoring site, the cross-sectional area will be 
surveyed and permanent depth gauges will be installed. 
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Quality Assurance

 Replicate samples and field blank samples will be collected, 
transported and analyzed in accordance with USEPA recommended 
procedures under 40 CFR Part 136.  The USEPA shall have the authority to 
conduct periodic or spot monitoring at any time in accordance with this plan. 
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Biological Monitoring

 Benthic sampling will be conducted three (3) times per year:  winter 
(January-February); spring (March-May); and summer (June-September), 
using the WVDEP standard field and laboratory methods at the following 
locations:

Site CMILF –   Left Fork of Pine Creek below Phoenix 4 
Operation

Site CMDLFPC – Mouth of Left Fork of Pine Creek 
Site BF 1&2     –   Mouth of Twin Branch 
Site DSF3       –   Mouth of 3rd Left Unnamed Tributary of Left 

Fork of Pine Creek 

 No benthic sampling will be conducted between October and January.   
Benthic monitoring sites are shown on the attached Exhibit A and Exhibit
A-1. The West Virginia Stream Condition Index (WVSCI) protocol shall be 
followed closely, including the use of a random 200 (+20%) organism fixed 
sub-sample for calculation of the WVSCI. Although the WVDEP currently 
utilizes family-level macro invertebrate taxonomy, genus-level 
identifications (excluding the family chironomidae) shall be undertaken on 
the collected specimens. In addition to the WVSCI metric, genus-level EPI 
richness, Ephemeroptera richness, Plecoptera Richness, Clinger Taxa 
richness and % Ephemeroptera will be provided for each sample. 

Quality Assurance

 A replicate biological sample (properly labeled and preserved in 
ethanol) shall be collected at one of the monitoring stations each season and 
sent to USEPA Region III – Wheeling for a quality assurance comparison 
check of biological field and laboratory methodalogics and quality assurance 
check of taxonomic classifications. 

Data Submittal

 Water monitoring, analytical data and benthic information will be 
submitted to the USEPA and USACE within fifteen days of the end of the 
month following completion of analysis. Information shall be submitted 
electronically in a PDF and Excel file formats. 
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Monitoring Period

Monitoring pursuant to this paragraph shall continue at each location 
until such time as the associated sediment control structure or mine through 
area is reclaimed and the associated reclamation bond is released. 

Reporting

 All of the collected monitoring data will be reported in raw (chemical 
values and taxa) and summarized format (e.g., WVSCI and metrics) within 
fifteen (15) days of the end of the month following completion of analysis. 

 Reports to the USACE shall be sent to the Energy Resource Section at 
502 8th Street, Huntington, West Virginia 25701. Reports to the USEPA 
shall be sent to the Associate Director, Office of Environmental Programs 
(Mail Code 3EA30), U.S. Environmental Protection Agency, Region III, 
1650 Arch Street, Philadelphia, PA, 19103 and to the Freshwater Biology 
Program, Office of Monitoring & Assessment (Mail Code 3EA50), USEPA, 
Region III, 1060 Chapline Street, Wheeling, WV 26003-2995. 

Adaptive Management Plan for Changes in Conductivity 

Coal Mac has designed the operation in such a manner that the 
designed valley fill elevations range from 69 feet to 99 feet above the 
elevation of the basal seam in the fill areas. The result of this design 
allowance results in a reduction of overall stream impacts of approximately 
ten percent as determined by the AOC Optimization/Fill Minimization 
process. Further, the operation utilizes only 194.6 acres of the allowable 
ESDA bank allowance of 204.7 acres resulting in an additional five percent 
reduction in impacts from filling activities. These design considerations 
result in an overall reduction in terrestrial impacts of 30 acres of the total 
project area, and a reduction of permanent impacts to jurisdictional waters of 
approximately 1,790 feet or 15%.  

 Coal Mac has designed the operation such that 4,100,000 yards of 
excess overburden is hauled back to an adjacent operation further 
minimizing the fill areas and impacts to jurisdictional waters.  This design 
consideration results in a reduction of permanent impacts to jurisdictional 
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waters of approximately 6.7% or 781 feet and additional reduction of 
terrestrial impacts of 14 acres. 

The combined effects of the minimization and avoidance efforts 
incorporated into the design of the facility results in a combined reduction of 
permanent impacts to jurisdictional waters of 2,571 feet or 22% and a 
reduction of terrestrial impacts from filling activities of 44 acres. 

 Coal Mac has made arrangements with the surface and mineral owner 
on this project to “preserve” and to not utilize three valley fill areas on one 
of its existing operations within the Pine Creek watershed. These areas are 
currently authorized for construction of valley fills by all State and Federal 
agencies. The landowner has agreed to place deed restrictions on the 
property to restrict the use of these three valleys to preclude the construction 
of valley fills from surface mining activities. Maintaining these areas and not 
utilizing them for surface mining filling activities are intended to provide 
additional sources of dilution water within the total watershed.   Within the 
Pine Creek watershed, this will result in a reduction of cumulative impacts 
of 4,859 feet to jurisdictional waters and 74.1 acres of terrestrial impacts, as 
quantified in the cumulative watershed assessment conducted for the 404 
permit application.  Utilizing the West Virginia Stream and Wetland 
Valuation Metric, the combined freshwater dilution effect of these preserved 
areas results in the preservation of 4,581 Functional Credit Units (FCUs) 
within the watershed compared to the predicted permanent impacts from the 
Pine Creek No. 1 Mine of 12,055 FCUs.  The preservation of these areas 
results in a reduction in impacts of 38%.  The areas and resultant impact 
reductions are shown on attached Exhibit D.

 The original development sequence for the facility was to work 
concurrently within Fills 1, 2, and 3 and the associated mineral removal area 
adjacent to the respective fills.  In response to concerns raised by the 
USEPA regarding freshwater dilution with the Twin Branch watershed, the 
development sequence has been revised such that Fills 1 and 3 are is the 
initial fills utilized.  In addition to the use of the fill areas, the original 
development plan called for approximately 4.1 million yards of excess 
overburden to be hauled and deposited on adjacent existing mine areas.  Due 
to the extended processing and review time associated with the 404 permit 
for the facility, this storage volume is being rapidly depleted.
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Excavation and overburden removal on the Pine Creek No. 1 permit 
will be accomplished with a combination of five front end loaders and two 
hydraulic excavators,.  These primary excavation spreads are supported with 
bulldozers.  In order to operate this equipment it is necessary to maintain 
separate pits located on multiple seam horizons.  Each pit and each seam 
requires access for the transportation of men, machinery, overburden and 
coal removal.  These internal ramps are situated to minimize congestion and 
to safely operate the equipment. 

The original development sequence proposed for the operation is the 
optimal configuration for the facility; however, simultaneous development 
within Fills 1 and 3 is a practicable alternative to the original sequence.  
Under the revised development sequence, Coal Mac will begin construction 
of the Pond No. 1 and 1A, which control the area with Fill No. 1 along with 
Pond No. 3.  As per the revised development sequence, excess overburden 
placement within Fill No. 3 will be initiated six months after completion of 
Pond No. 1 upon demonstration of maintaining average conductivity 
concentrations less than 500 umhos at Site BF 1 & 2.  Commencement of 
filling activities within Valley Fill No. 2 and No. 3 will be dependent upon 
demonstration of meeting average conductivity concentrations less than 500 
umhos at Sites BF 1&2 and DSF3. 

Trend Analysis 

          1. The results from each of the twice-monthly enhanced chemical 
monitoring points will be plotted separately as a time series in order to 
determine if there are any trends in the conductivity levels. For the purpose 
of the evaluation, the value used will be conductivity multiplied by the 
measured flow. This calculated value will be used for threshold 
identification (see below). In addition, as the overall impact on the Left Fork 
of Pine Creek is the critical component of the analysis, the results from each 
sampling sweep (conductivity multiplied by flow) at station CMILF and 
CMDLFPC which are situated in the Left Fork of Pine Creek above and 
below the operation will also be summed and the results plotted as a time 
series. These results will be conductivity multiplied by flow. There will be a 
separate plot for each in-stream monitoring station. 

2. If the linear trend of the Conductivity multiplied by flow indicates 
that the result will exceed a value of 300 umhos at Sites BF 1&2 or DSF3 
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then the applicant will conduct a preliminary analysis of the reasons for 
increased conductivity.  The analysis will include an investigation to 
determine if the projected trend was the result of an unusual circumstance or 
if the trend is an indication of overall changes in the conductivity values at 
the monitoring stations. 

Should the results of the trend analysis indicate that the Conductivity 
values at Sites BF 1&2 or DSF3 exceed 300 umhos more than three times in 
a rolling 12 month period, then the applicant will conduct a detailed analysis 
of the reasons for the increased Conductivity.  The applicant will submit a 
report to the USACE, USEPA and any other appropriate agency with a 
detailed proposed list of actions to address the increased Conductivity. The 
proposed actions will also identify a timeline for the implementation of the 
action plan which will be implemented following written approval by the 
USACE, USEPA, and any other appropriate regulatory authority. 

3. The potential techniques that may be employed include, but are not 
limited to, revisions to material handling plans, revisions to the in-pit storage 
of storm water; grading and vegetation of reclaimed areas, addition of pre-
treatment ponds, and internal storm water diversion. 

Additional Compensatory Mitigation 

 1. The conductivity action-threshold for additional 
mitigation will be 500 umhos at site BF 1&2 and DSF3. If monitoring 
indicates an exceedance of threshold levels for more than two consecutive 
samples at the same location or more than three samples at the same location 
in a rolling 12-month period, then the applicant will incur an obligation to 
provide additional mitigation focused on chemical improvements in the 
watershed. The requirement will be reset after 24 consecutive sample reports 
indicate results below the threshold.   Commencement of filling activities 
within Valley Fill No. 2 and No. 3 will be dependent upon demonstration of 
meeting average conductivity concentrations less than 500 umhos at Sites 
BF 1&2 and DSF3. 

Mitigation will be developed using the West Virginia Stream and 
Wetland Valuation Metric. The Multiple Parameter Approach will apply to 
this project. Mitigation under this paragraph will calculate a Functional 
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Credit Unit (FCU) for purposes of determining additional mitigation using 
the West Virginia Stream and Wetland Valuation Metric developed by the 
USACE and attached here to as Exhibit B.

 2. The projects to which the FCU can be applied will be defined in 
advance by the applicant and approved by the USACE, USEPA, and any 
other appropriate regulatory authority. The mitigation obligation will be 
capped at 758 units, as measured by the WV Stream and Wetland Valuation 
Metric.  The results of the evaluation of the Pine Creek No. 1 Mine are 
attached hereto in Exhibit B-1.   

 To address the concurrent use of Fills 1 and 3, Coal-Mac would 
propose to identify the additional compensatory mitigation required in the 
AMP during the sixty day ECP review period and would propose to 
construct the mitigation concurrently with the construction of the ponds for 
Fills 1 and 3. 

Best Management Practices Overview 

 Coal Mac, working in conjunction with the USACE and USEPA, has 
developed a series of procedures and construction techniques that are 
developed to be implemented at the start of any filling activities on the Pine 
Creek No. 1 Surface Mine and continue throughout the life of the operation 
with appropriate revisions/enhancements as construction proceeds. The 
intention of these Best Management Practices (BMP) is to minimize the 
potential for creating discharges with elevated conductivity levels. The basic 
principal behind the BMP techniques are: 

(1) Minimize infiltration into the fill area 

(2) Divert upland runoff away from filling activities 

(3) Minimize exposure of mineral rich overburden to weathering 

(4) Minimize the amount of disturbed area incrementally 

(5) Selective handling of overburden and construction of 
underdrains
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Design Procedures for Excess Overburden Disposal Areas

 Volumetric computations were derived from topographic grids 
developed from aerial photography and mapping.  Utilizing standard 
engineering software, potential fill areas were evaluated for storage of 
excess overburden.   These areas included valleys adjacent to the mineral 
removal area and adjacent mined areas.   Placement and design 
considerations included stability considerations, compliance with effluent 
limits and the ability to construct erosion and runoff control structures, 
avoiding to the extent reasonable and practicable impacts to jurisdictional 
waters, and minimizing impacts to jurisdictional waters. 

 After maximizing the amount of excess overburden that could be 
returned to the mineral removal area, the adjacent hollows were evaluated by 
looking at a series of slices to determine which hollow provided the most 
storage capacity per foot of impacts to jurisdictional water.   A matrix was 
developed for each hollow and based upon using the most effective storage 
in terms of yards of material per linear foot of impact, iterations were ran 
until the volume of excess overburden were exhausted. 

 The Pine Creek No. 1 operation reduced the volume of overburden 
that would have been placed in jurisdictional waters by raising the design 
elevation of the fills between 69 to 99 feet above the elevation of the basal 
seam and by proposing to haul 4.1 million yards of material to an adjacent 
operation. 

 The procedures in the design process follow those established by the 
West Virginia Department of Environmental Protection AOC/Fill 
Minimization policy; however, the design consideration exceeds the 
performance requirements. 
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COAL MAC, INC. 
Pine Creek No. 1 Mine 

Best Management Practices Plan 
Valley Fill Construction 

Coal Mac has identified the following techniques that can be 
implemented concurrent with the construction of the valley fills on the Pine 
Creek No. 1 Surface Mine. The measures are in response to concerns raised 
by the USEPA and USACE regarding the concentrations of TDS and/or 
Specific Conductivity that may discharge from the operation. Coal Mac 
proposes the following measures which will be implemented concurrently 
with initial construction and placement activities in all future valley fills on 
this permit. Site specific exceptions to these measures are noted specifically 
within this document.

1. Within the excess overburden storage area of Fill No. 1 (the fill 
area) the fill timbering and brushing (clearing) activities required in advance 
of overburden placement will be undertaken in a sequential manner. Rather 
than clearing the entire fill area at once, Coal Mac will undertake clearing in 
two phases. 

Initially, the area necessary for construction of the access road to the 
lower elevations within the fill and placement of the lower five (5) lifts of 
the fill will be cleared. The remaining area within the fill will be cleared 
after placement of the fill in the lower lifts.  

2. The fills proposed on this permit are not constructed in a single lift 
manner. Coal Mac proposes to construct the fills in a modified construction 
manner such that sufficient material will be placed into the fill to construct a 
road to the lower dumping points and the lower lifts of the fills will be 
constructed by the haul-down method. The subsequent lifts are placed on top 
of the constructed lowers lifts. 

3. Within the context of evaluating the “mineral content” of the 
native overburden within the operational area, Coal Mac has identified an 
overburden horizon present within the mineral removal area of the operation 
that is durable (does not readily slake or degrade in size), is relatively low in 
total sulfur content, which correlates with the percent pyritic sulfur content, 
and is low in excess CaCO3 neutralization potential. Coal Mac proposes to 
isolate this material and utilize it to construct the valley fill underdrains. 
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4. The material identified in Item 3 above will be selectively handled 
to minimize the percent of fines (by volume). Construction techniques will 
be utilized that minimize mechanical handling of the underdrain material in 
an effort to prevent potential size degradation. 

5. Within the lower segments of the fill areas, as shown in the design 
plans, relatively impermeable barriers will be installed to a designed height. 
The designed height is dependent on the slope of the existing channel. 

These barriers have an intended design purpose of: 

a. Establishing and maintaining a relatively stable water 
elevation within segments of the underdrain; 

i. The establishment of a relatively constant water 
elevation within segments of the underdrain is 
intended to minimize oxidization and reactive areas 
by reducing the area within the underdrain that would 
be subject to fluctuating exposure and potential 
oxidization.

b. Reduction of the area within the underdrain subject to 
turbulent flow.

i. Efforts to reduce the area within the underdrain 
subject to turbulent flow is intended to minimize the 
potential for erosive/abrasive reactions

c. A relatively static water elevation within a segment of the 
underdrain is intended to facilitate the creation of anaerobic 
conditions which should be less conducive to the potential 
generation of sulfates. 

d. During installation of the underdrain, temporary sediment 
control measures will be implemented until the underdrain 
segment is wrapped with the geo-textile material. These 
techniques may include but not be limited to temporary 
sediment control structures, silt/erosion fence, temporary 
diversions or any combination of the above techniques. Any 
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areas to remain exposed for a period greater than six (6) 
months disturbed will be seeded and re-vegetated with a 
temporary vegetative mix. 

e. The underdrain within the designated segment will be 
wrapped with an appropriate construction fabric which will 
allow water infiltration but will impede fines transport into 
the under drain area. 

6. Coal Mac will construct and install a groundwater infiltration drain 
along the basal seam pit floor along the eastern flank of Valley Fill 1 and 
along the southern flanks of Valley Fill 2 and Valley Fill 3. The purpose of 
this infiltration drain is to intercept groundwater from the backfill areas and 
divert it away from the fill area. All discharges from the underdrain will be 
directed into and through outfall structures as per the NPDES permit for the 
facility. The material utilized to construct the underdrain will be an 
overburden horizon within the operating area, that is durable (does not 
readily slake or degrade in size), is relatively low in total sulfur content, and 
is low in excess CaCO3 neutralization potential. This material will be 
handled in accordance with procedures outlined in Item 4. 

7. The following techniques and practices will be implemented 
during the construction and placement of material of the valley fills 
proposed on the Pine Creek No. 1 Surface Mine, to the extent these 
techniques and practices are reasonable and practical and can be 
implemented and accomplished safely: 

a. To the extent practical, surface runoff from areas upland of 
the fills will be diverted away from the fill area during the 
placement of the excess overburden. Exception to this will 
be during the installation of the underdrains and due to 
localized fluctuations in the grade and dip of the strata 
which may preclude this technique in certain situations. 

8. Coal Mac will configure the elevation of the final constructed fill 
deck surfaces such that surface runoff on the deck of the fill will be directed 
to runoff and sediment control structures situated on the down-dip flank of 
the fill areas. The slope of the deck of the fills will be designed to a grade of 
5% with construction tolerances in accordance with 38 CSR 2.   The purpose 
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of the increased grade is to minimize infiltration into the fill area and to 
accelerate runoff into the down gradient control structures. 

9. Prior to placement of the final planting horizon, the deck of the 
fills will be compacted by tracking with rubber tired equipment to reduce 
potential infiltration into the fill material. The final planting horizon will be 
placed upon this compacted layer in accordance with the requirements of the 
WVDEP SMCRA permit. 

10. The steep topography combined with the method of overburden 
placement within the fill areas precludes the application of the incremental 
clearing within Valley Fill 2 and Valley Fill 3. 

11. Status reports identifying the construction progress, with 
accompanying maps, photos and documentation will be provided on an 
annual basis to the USACE and the USEPA regarding Items 1 through 10 
above.
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EXHIBIT A 
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EXHIBIT A.1 
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EXHIBIT B
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EXHIBIT B-1 
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EXHIBIT C 
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EXHIBIT D 
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Jessica 
Martinsen/R3/USEPA/US 

12/01/2010 03:56 PM

To Joy Gillespie

cc Jeffrey Lapp

bcc

Subject Fw: sampling questions...

Amy was very kind and sent us this information to begin some planning.  There is lots of other stuff to 
figure out though.  The parameters that we would be looking at are just a fraction of this and include the 
following.

Stream Monitoring & Analysis Plan Analytical Parameters

Metals Water Quality Indicators

Aluminum Total Dissolve Solids (TDS)

Calcium Total Suspended Solids (TSS)

Iron Sulfate

Magnesium Chloride

Manganese Total Ammonia

Nickel

Potassium Alkalinity, Total

Selenium Alkalinity, Carbonate

Sodium Alkalinity, Bicarbonate

zinc

 

Jessica Martinsen
U.S. EPA Region III
Office of Environmental Programs
1650 Arch St. (3EA30)
Philadelphia, PA  19103
215-814-5144 (office)
215-814-2783 (fax)
----- Forwarded by Jessica Martinsen/R3/USEPA/US on 12/01/2010 03:54 PM -----

From: Amy Bergdale/R3/USEPA/US
To: Jessica Martinsen/R3/USEPA/US@EPA, John Forren/R3/USEPA/US@EPA
Cc: Kelly Krock/R3/USEPA/US@EPA, Margaret Passmore/R3/USEPA/US@EPA, Stevie 

Wilding/ESC/R3/USEPA/US
Date: 12/01/2010 01:33 PM
Subject: sampling questions...

Quick run down of what you need.  

Sample submission contact person is Stevie Wilding in Ft. Meade.  You need to request your analysis and 
send samples ATTN to Stevie.  Once you have submitted your sample request form to Ft. Meade you will 



need Chain of Custodies, coolers, cubitainers, ice, plastic bags for your ice, Ft. Meade's attachment 3 
form, sample ID tags, zipties, Sharpies, etc.

Here is a quick layout for what we do when we sample - 

1 large gallon cubi - this will analyze for anions, TDS, TSS, lab pH - the preservative is ice, kept cool 
below 6degrees C
1 small liter cubi - nitrate, ammonia, Total N, phos - preservative is sulfuric acid to pH < 2 and kept on cool
1 small liter cubi - cations, metals - preservative is nitric acid to a pH < 2 and kept cool

Below I've attached a cheat sheet regarding what analysis you want, the preservative and volume size 
needed in case you need to adjust to your needs.  
Ft. Meades sample submission guidelines need to be followed and I would recommend you printing out 
your own copy if you don't have one.  We keep extra Attachment 3 forms in that same binder along with a 
generic sample request if needed.  

When you sample, make sure that you get all the head space out of the cubi.  Also remember to fill out 
Attachment 3- Example Hazard and Risk Exposure Data Sheet when you ship.  This form should be filled 
out with the chemistry parameters before you have preserved.  This form we usually place in a clear 
envelope on the outside of the cooler so that it is accessible when the lab receives it.

Hope this helps.

   

   Non-Potable Water Sample Requirements

 Group  Analytes of interest CAS # Method Volume Container Type Pres

Metals   200.8 1000 mL Plastic Bottle  pH <

   

   

Mercury Mercury 7439-97-6 245.1   

Cyanide Cyanide 57-12-5 335.4 400 mL Glass or Plastic pH > 12 NaOH, C

Anions Sufate as SO4  300.0 400 mL Glass or Plastic C

 Chloride  

 Fluoride 16984-48-8

 Nitrate as N  

 Nitrite as N  

 Orthophosphorus as P     

Wet Total Phosphorus  365.1 400 mL Glass or Plastic H2SO4 to pH<2, C

Chemistry Nitrate/Nitrite  353.2 400 mL Glass or Plastic H2SO4 to pH<2, C

 Alkalinity  SM2320B 400 mL Glass or Plastic C



VOC Target Compound List  624 240 mL
6 Glass 40 mL vial 
w/Teflon lined cap 2 drops* of 1:1 HCl, Co

 especially  

 Benzene 71-43-2   *If samples are expec

 Styrene 100-42-5   alkaline, an addition

 Toluene 108-88-3   
can be added

n

      

SVOC Target Compound List  625 2 liter Amber glass C

 especially  

 2-butoxyethanol  

      

TSS Total Suspended Solids  SM 2540D 500 mL Glass or Plastic C

      

TDD Total Dissolved Solids  SM 2540C 500 mL Glass or Plastic C

      

HPLC acrylonitrile  SW8316 120 mL
3 Glass 40 mL vial 
w/Teflon lined cap C

      

  

VOC in TO-15 Compounds  TO-15 Lab to supply summa canister

Air Collected in Summa Canisters with appropriate restrictors

 (45 minute Sampling time)     



"Bennett,Karen" 
<KBennett@nma.org> 

12/01/2010 06:20 PM

To OW-Docket

cc Gregory Peck

bcc

Subject NMA Comments on April 1 Guidance

1 attachment

EPA Detailed Guidance Comments 2010 Final Submitted.pdfEPA Detailed Guidance Comments 2010 Final Submitted.pdf

Please find attached, comments of the National Mining Association re: EPA‐HQ‐OW‐2010‐0315 
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December 1, 2010  
 
 
Peter S. Silva  
Assistant Administrator for Water  
U.S. Environmental Protection Agency  
1200 Pennsylvania Ave., NW.,  
Washington, DC 20460  
 
Docket ID No. EPA-HQ-OW-2010-0315 
 
RE: Detailed Guidance: Improving EPA Review of Appalachian Surface Coal Mining 
Operations under the Clean Water Act, National Environmental Policy Act, and the 
Environmental Justice Executive Order  
 
 
Dear Mr. Silva: 
 
On April 1, 2010, Peter S. Silva, Assistant Administrator for the Office of Water, and 
Cynthia Giles, Assistant Administrator for the Office of Enforcement and Compliance 
Assistance, released Summary and Detailed Guidance on “Improving EPA Review of 

Appalachian Surface Coal Mining Operations under the Clean Water Act (CWA), 
National Environmental Policy Act (NEPA), and the Environmental Justice Executive 
Order (E.O. 12898).”  These documents intend to “clarify EPA‟s roles and 
expectations, in coordinating with our federal and state partners, to assure more 
consistent, effective, and timely compliance of Appalachian surface coal mining 
operations with the provisions of the CWA, NEPA, and the E.O. 12898.”  (Detailed 
Guidance).  However, the Guidance goes far beyond clarification and coordination 
and arrogates to EPA new powers to supersede the authority of States under the 
CWA and the Surface Mining Control and Reclamation Act of 1977 (SMCRA), the 
authority of the U.S. Army Corps of Engineers (Corps) under the CWA and NEPA, 
the authority of the Office of Surface Mining (OSM) under SMCRA.  EPA cannot, 
through guidance, change the meaning of these statutes or their implementing 
regulations.  Yet, as noted by Randy Huffman, Director of West Virginia‟s 
Department of Environmental Protection, in a December 2, 2009, letter to Senator 
Inhofe, EPA‟s recent actions on surface mining permits “represent a stark change in 

regulatory direction,” which “has been undertaken in the absence of any change in 
statute, regulation or formal policy which would necessarily require transparency in 



U.S. Environmental Protection Agency 
December 1, 2010 
Page Two 

 
National Mining Association 101 Constitution Avenue, NW | Suite 500 East | Washington, DC 20001 | (202) 463-2600 

 
 
 

the process.”  See United States Senate Report, The Mingo Logan Spruce No. 1 
Mine, U.S. Senate Environment and Public Works Committee, Minority Staff Report, 
January 14, 2010 available at:  www.epw.senate.gov/inhofe.     
 
If EPA wishes for statutory changes, it must go to the Office of Management and 
Budget, develop an Administration legislative proposal, and submit that proposal to 
Congress.  If EPA wishes for regulatory changes, it must go through notice and 
comment rulemaking.  EPA cannot simply declare itself to be the master agency 
whose decisions trump all others.   
 
The National Mining Association (NMA) submits the following comments on the 
above-referenced document that was made available for public comment and 
immediately effective on April 1, 2010. See 75 Fed. Reg. 18,500. In addition to 
these comments, NMA incorporates by reference comments filed with both the EPA 
and EPA‟s Science Advisory Panel on Mountaintop Mining regarding EPA‟s two draft 
reports,  A Field-Based Aquatic Life Benchmark for Conductivity in Central 
Appalachian Streams (EPA 2010); The Effects of Mountaintop Mines and Valley Fills 

on Aquatic Ecosystems of the Central Appalachian Coalfields (EPA 2009).  NMA is a 
national trade association that includes the producers of most of the nation‟s coal, 

metals, industrial and agricultural minerals; the manufacturers of mining and 
mineral processing machinery, equipment and supplies; and the engineers and 
consulting firms, financial institutions and other firms serving the mining industry.  
NMA‟s members have a wide variety of surface coal mining operations, including 
operations in Central Appalachia, and thus are currently suffering direct and 
significant harm by EPA‟s implementation of the Detailed Guidance and associated 
studies.  EPA‟s actions, immediate application of the Detailed Guidance along with 

the agency‟s reliance on hastily done and legally and scientifically flawed studies, 
has led to irreparable harm to NMA members and resulted in an NMA led industry 
challenge to the Detailed Guidance and associated studies, A Field-Based Aquatic 

Life Benchmark for Conductivity in Central Appalachian Streams (EPA 2010); The 
Effects of Mountaintop Mines and Valley Fills on Aquatic Ecosystems of the Central 

Appalachian Coalfields (EPA 2009).  See NMA v. Jackson, No. 10-cv-1220 (D.D.C. 
July 20, 2010).  
 
 
I. EPA’s “Detailed Guidance” is a Legislative Rule Requiring Notice and 

Comment    
 
In announcing the April 1 Guidance, Administrator Jackson said:  “this is a 

sweeping regulatory action” and “you‟re talking about no, or very few, valley fills 
that are going to meet this [new] standard.”  

http://www.washingtonpost.com/wpdyn/content/articl/2010/04/01/AR2010040102
312.html.  According to Jackson, “EPA will now instruct its local offices not to 
approve new CWA valley-fill permits that are likely to produce a certain level of 
pollution in waters downstream.” Id. Jackson‟s statements have proven correct as 
very few permits have been issued since.  See U.S. GOV‟T ACCOUNTABILITY 
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OFFICE GAO-11-101R, EPA AND THE CORPS‟ REVIEW OF SECTION 404 PERMITS 
(2010) (reporting 6 permits were issued, 36 were withdrawn and 36 are awaiting 
EPA‟s newly created enhanced review).  EPA‟s Guidance amounts to a moratorium 
on the issuance of coal-related permits accomplished by rewriting the underlying 
statutory and regulatory permitting framework for coal mining.  The Guidance 
dramatically alters regulatory timelines, imposes new requirements and creates 
legal presumptions in complete disregard of existing federal law and procedure.  In 
addition, through implementing the Guidance, EPA has interfered with the statutory 
delegation of regulatory authority over coal mining placing the U.S. army Corps of 
Engineers (Corps), the Office of Surface Mining Reclamation and Enforcement 
(OSM), and states as permitting authorities and regulators of the environmental 
impacts of coal mining.  Such substantial changes to these governing regulations 
and statutory authorities cannot be accomplished without adhering with the notice 
and comment rulemaking requirements under the Administrative Procedures Act 
(APA).          

 
 

II. The Detailed Guidance Exceeds EPA’s Authority under the CWA   
 

Under the framework of the CWA, some authorities are granted to the Federal 
government and others are reserved to the States.  And, some authorities may be 
exercised by the Federal government only if certain predicates are met.  This 
framework provides an appropriate balance between the authority of the States to 
determine the appropriate level of protection for State resources and the Federal 
interest in environmental protection generally.  EPA‟s Guidance and EPA‟s recent 
actions regarding surface coal mining fail to respect that balance.  According to Mr. 
Huffman, in his December 2, 2009 letter, “EPA has manipulated the Federal CWA 
404 permitting process so as to intrude on the State‟s primacy under SMCRA and 
its delegated authority under the CWA.  I am deeply concerned that the April 1st 

Guidances represent further intrusion into State authority, again without any 
change in statue or regulation.”  
 
A. Section 101  

Under section 101(g) of the CWA, Congress stated that: “It is the policy of 
Congress that the authority of each State to allocate quantities of water within its 
jurisdiction shall not be superseded, abrogated or otherwise impaired by this Act.”  
The CWA only regulates the discharge of pollutants from point sources.  It does not 
regulate the flow of water.  Notwithstanding this limitation, in the Detailed 
Guidance, EPA asserts the authority over environmental impacts resulting from 
reduced water flows.  Specifically, EPA appears to be asserting authority over 
“physical modification and elimination of headwater streams” due to reduced flow.  
“For example, elimination of all or even part of a headwater stream may remove 
from the overall watershed system an important source of freshwater dilution that 
contributes to water quality.  Accordingly, even where a National Pollutant 
Discharge Elimination System (NPDES) permit has been issued, the Section 404 
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permit must independently ensure that water quality is protected.”  Detailed 
Guidance at 20.  The Detailed Guidance says “the project” cannot cause a violation 

of water quality standards.  However, the CWA gives Federal agencies the authority 
to regulate discharges of pollutants into waters of the United States, not projects.  
 
B. Section 401  
 
Section 401(a)(1) of the CWA gives States the authority to determine if an activity 
that is the subject of a Federal license or permit will meet water quality 
requirements in that State.  EPA has the authority to issue this certification only if 
no State or interstate agency has the authority to do so.  Water pollution control 
agencies in Kentucky, West Virginia, Virginia, Ohio, Tennessee, and Pennsylvania 
each have the authority to issue water quality certifications for their States.  Under 
section 401(a)(2), downstream States also may request a public hearing on a 
Federal license or permit and EPA may make recommendations at that hearing.  
However, the agency that issues the Federal license or permit is the agency that 
decides what conditions in the license or permit are appropriate to protect the 
quality of water in downstream States.  Notwithstanding the limits of EPA‟s 
authority under section 401(a) of the CWA, the Detailed Guidance States that “EPA 

retains its responsibility for ensuring that neither numeric nor narrative water 
quality standards are exceeded due to discharges of fill material even if a State has 
issued a water quality certification under Section 401 of the CWA.”  Detailed 
Guidance, at 18.  EPA simply does not have the authority to second guess a State 
water quality certification and to suggest otherwise as EPA has in its Detailed 
Guidance is to completely disregard the holding of the Fourth Circuit Court of 
Appeals in OVEC v. Aracoma Coal Company, 556 F.3d 177 (4th Cir. 2009), reh‟g & 

reh‟g en banc denied, 567 F.3d 130 (4th Cir. 2009).   In OVEC, the environmental 
plaintiffs argued that the Corps has an independent obligation to review claims that 
mines might violate water quality standards despite the state issued 401 
certification. The Fourth Circuit quickly rejected the argument ruling that “A § 401 
certification is considered conclusive, and no independent analysis of the 
certification is required.”  
 
C. Section 402   
 
Under section 402(b) of the CWA, Congress established the NPDES permitting 
program.  33 U.S.C. § 1342.  Conforming to the statute‟s goal of allocating the 
“primary responsibilities” for water pollution control to the states, the CWA 
establishes a system whereby a state may assume primary administration and 
enforcement of the NPDES permitting program.  33 U.S.C. 1342(b).  Once EPA 
approves a proposed state permitting program, EPA must suspend its own program.  
33 U.S.C. 1342(c)(1).  Under such delegated permitting programs, states have 
exclusive authority to implement the NPDES program within their boundaries, and 
EPA has only limited authority to review state action.  Once States are authorized to 
implement the CWA in that State, States develop water quality standards that are 
approved by EPA and issue permits that implement those standards and its 



U.S. Environmental Protection Agency 
December 1, 2010 
Page Five 

 
National Mining Association 101 Constitution Avenue, NW | Suite 500 East | Washington, DC 20001 | (202) 463-2600 

 
 
 

decisions, particularly its decisions about compliance with State water quality 
standards are given deference.  However, in the Guidance, EPA creates a 
presumption that “EPA expects that in many, if not most, cases the available 
science will demonstrate that there is a reasonable potential for these discharges to 
cause or contribute to an excursion above numeric or narrative water quality 
standards, thus making water quality-based effluent limits necessary.”  Detailed 
Guidance at 8.  Such a blanket statement about the need for water quality-based 
limits ignores the role of the delegated states under Section 402 and the existing 
protections under the CWA and its implementing regulations prohibiting states from 
approving any such discharge.  Since all of the states subject to EPA‟s Guidance 
have delegated authority, the states, not EPA have the duty to determine whether 
any proposed discharges will cause, or have the reasonable potential to cause, or 
contribute to an in-stream excursion above a numeric or narrative criteria within an 
applicable water quality standard.  40 C.F.R. Section 122.44(d).   
 
By asserting the authority to interpret the State narrative water quality standards 
as requiring conductivity levels between 300 and 500 uS/cm EPA substitutes an 
authorized State‟s interpretation of its narrative water quality standards with 
numeric standards without following the procedures required under CWA Section 
303(c). EPA has not taken the steps necessary to make a determination that 
numeric conductivity standards are necessary in the Appalachian region and EPA 
has not gone through notice and comment rulemaking to establish numeric Federal 
standards for conductivity for the Appalachian States.  EPA has not followed the 
required procedures and is therefore acting ultra vires. 
 
EPA‟s conductivity levels of between 300 and 500 uS/cm.  These conductivity levels 
rely heavily on one study of West Virginia  streams by EPA Region III (the Pond-
Passmore study) and a draft study by EPA‟s Office of Research and Development 
(ORD) that has not yet undergone independent, external, peer review.  The 
Guidance requires regulatory agencies and states use these criteria when 
evaluating whether a discharge has a reasonable potential to violate water quality 
standards.  Detailed Guidance, at 12.  EPA Regions are being told to object to 
permits that do not incorporate these criteria as limits.  Detailed Guidance, at 15.   
EPA also plans to use these criteria when evaluating the potential for a discharge to 
result in significant degradation of water quality.  Detailed Guidance, at 22.  EPA 
calls these criteria “new numeric water quality values for conductivity.”  Detailed 

Guidance, at 7.  In the public announcement of the April 1st Guidance, 
Administrator Jackson called the criteria “standards.” However, 300 and 500 uS/cm 
have not been adopted by any Appalachian state as numeric water quality 
standards.   

 
Even if it were true, and it is not, that EPA could impose on states the agency‟s 
interpretation of the states‟ narrative water quality standards, EPA has not followed 
its own procedures for developing a chronic aquatic life criteria for conductivity.  
EPA‟s newly derived study “A Field-based Aquatic Life Benchmark for Conductivity 
in Central Appalachian Streams”, which forms the basis for establishing a 
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conductivity range of 300-500 uS/cm, represents  a departure from EPA‟s 1985 
Guidelines for Deriving Numerical National Water Quality Criteria for the Protection 

of Aquatic Organisms and Their Uses (“Guidelines”)  Charles E. Stephan, et al., 
USEPA, Office of Research and Development, Guidelines for Deriving Numerical 

National Water Quality Criteria for the Protection of Aquatic Organisms and Their 
Uses, PB85-227049 (1985) and therefore, the benchmark should be set aside until 
such time as EPA adheres to its own guidelines.     
 
These national guidelines with “appropriate modifications” may be applied to derive 

criteria for any specific geographic area, “if adequate information is available 
concerning the effects of the material of concern on appropriate species and their 
uses.”  Id. at 5.   According to the national guidelines, “protection of aquatic 

organisms and their uses should be defined as prevention of unacceptable long-
term and short-term effects on (1) commercially, recreationally, and other 
important species and (2) (a) fish and benthic invertebrate assemblages in rivers 
and streams, and (b) fish, benthic invertebrate, and zooplankton assemblages in 
lakes, reservoirs, estuaries, and oceans.” Id. at 3.   
 
The national guidelines require certain data to be available “to derive a criterion for 
freshwater aquatic organisms and their uses,” including: 
 
1. Results of acceptable acute tests (see Section IV) with at 

least one species of freshwater animal in at least eight 
different families such that all of the following are 

included: 

a. the family Salmonidae in the class Osteichthyes 

b. a second family in the class Osteichthyes, preferably a 
commercially or recreationally important warmwater species 
(e.g., bluegill, channel catfish, etc.) 

c. a third family in the phylum Chordata (may be in the class 
Osteichthyes or may be an amphibian, etc.) 

d. a planktonic crustacean (e.g. cladoceran, copepod, etc.) 

e. a benthic crustacean (e.g., ostracod, isopod, amhipod, 
crayfish, etc.) 

f. an insect (e.g., mayfly, dragonfly, damselfly, stonefly, 
caddisfly, mosquito, midge, etc.) 

g. a family in a phylum other than Arthropoda or Chordata 
(e.g., Rotifiers, Annelida, Mollusca, etc.) 



U.S. Environmental Protection Agency 
December 1, 2010 
Page Seven 

 
National Mining Association 101 Constitution Avenue, NW | Suite 500 East | Washington, DC 20001 | (202) 463-2600 

 
 
 

h. a family in any order of insect or any phylum not already 
represented. 

2. Acute-chronic ratios (see Section VI) with species of 
aquatic animals in at least three different families provided 

that of the three species: 

 at least one is a fish 

 at least one is an invertebrate 

 at least one is an acutely sensitive freshwater species 
(the other two may be saltwater species). 

3. Results of at least one acceptable test with a freshwater 
alga or vascular plant (see Section VIII).  If plants are among 
the aquatic organisms that are most sensitive to the material, 
results of a test with a plant in another phylum (division) should 
also be available. 

4. At least one acceptable bioconcentration factor determined 
with an appropriate freshwater species, if a maximum 
permissible tissue concentration is available (see Section IX).  Id. 

at 23. 

In addition, “if a criterion is to be related to a water quality characteristic … more 

data will be necessary.  Similarly, if all required data are not available, a numerical 
criterion should not be derived except in special cases.”  Id. at 26.  Thus in order to 
comply with the national guidelines the report should include all necessary data 
identified in Section IIIB to include data from at least eight different families of 
aquatic life.  Id. at 23. 
 
Deviation from U.S. EPA Guidance 

 
A Field-based Aquatic Life Benchmark for Conductivity in Central Appalachian 
Streams (“report”) claims, “[t]his benchmark is intended to protect the aquatic life 

in the region. It is derived by a method modeled on the USEPA‟s standard 
methodology for deriving water quality criteria.”  USEPA, Office of Research and 
Development, National Center for Environmental Assessment, Washington, DC., A 
Field-based Aquatic Life Benchmark for Conductivity in Central Appalachian 
Streams, EPA/600/R-10/023A, (2010).  However, this report deviates from the 
national guidelines in several ways, including,  
 

1. it uses field-based data as opposed to laboratory tests; 
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2. the methodology for data analysis for the species sensitivity 
distribution (SSDs) is “extirpation concentrations (XCs) 

rather than median lethal concentrations (LC50s);” Id. at xii. 
 

3. the report only considers the effects of conductivity on 
certain invertebrate species and then limits its consideration 
of the confounding factors to only one genera of mayfly, 
Ephemeroptera.  It fails to consider other taxa and does not 
include the minimum of eight different families of aquatic 
organisms as required by the national guidelines (such as, 
fish, mussels, or aquatic plants).     

 
Field data vs. Laboratory data 

 

The national guidelines suggest the use of laboratory data because, “it is not 
feasible to determine national criteria by conducting such field tests [on a wide 
variety of unpolluted bodies of fresh (or salt) water],” Charles E. Stephan, et al., 
USEPA, Office of Research and Development, Guidelines for Deriving Numerical 
National Water Quality Criteria for the Protection of Aquatic Organisms and Their 

Uses, PB85-227049 (1985) at 1.  By contrast, the report uses field-based data 
because, “SSDs based on laboratory studies cannot replicate the full range of 

effects or species interactions that could reasonably be expected to occur in the 
environment (Suter et al., 2002).”  Id. at 3. 
 
Methodology 

According to the report, its method for data analysis includes a three step process: 

1. Derivation of benchmark values (XCs) for the 
invertebrate genera; 

2. “XC95 values were used to generate an SSD and 
the 5th percentile of the distribution, the 5th 
percentile hazardous concentration (HC05).”  Id. at 
8; and 

3. These results were compared to estimated 
regional background values. 

 
The methodology deviates from the national guidelines in the second step in the 
data analysis because, “the HCx terminology for concentrations derived from SSDs 
is not in the 1985 method.”  Id. at 8.  Instead the report uses more recent 
methodology, which has not been officially incorporated into the national guidelines. 
 
Mayflies and the Failure to Consider Other Taxa 
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The most striking example of how the report deviates from the national guidelines 
is its failure to consider taxa (other than certain invertebrate species) such as, fish, 
plants, amphibians, or mussels.  According to the report: 
 

Fish were not included because their occurrence is 
affected by stream size making it difficult to determine 
XC95 values.  Some of the affected streams naturally have 
no fish.  In addition, the WABbase data set used to derive 
the benchmark does not contain data for fish.  Other data 
sets that do contain fish are not as large and do not 
contain as great a range of conductivity values.  A 
separate SSD might be developed for fish, once these 
technical issues are resolved.  Data for plants and 
amphibians are not available.  Additional findings 
regarding mussels could change this analysis if they are 
found to be more sensitive to conductivity than the 
invertebrates used here.  Mussels were not represented 
because genera did not occur in a minimum of 30 
samples.  Additional analyses may be necessary to ensure 
protection of federally or state listed rare, threatened, or 
endangered species of fish, amphibians, and mussels.  Id. 

at 17. 

The failure to consider fish or other taxa when determining aquatic life criteria 
deviates substantially from the data that is required “to be available to derive a 

criterion for freshwater aquatic organisms and their uses” that specifically requires 
acute tests for at least eight different families to represent aquatic life, including 
vertebrate species.  Regardless of the fact that this report was based on field-data, 
as opposed to the national guideline‟s assumption that the criterion would be based 
on laboratory testing, the conductivity benchmark does not evaluate data from at 
least eight different families of aquatic life; instead, it only considers invertebrate 
species.   
 
Even among the invertebrate species data considered by the report, when 
evaluating the potentially confounding variables (resulting from the use of field-
data as opposed to laboratory data), the report limited its evaluation of these 
confounding variables to the confounder‟s effect on ephemeropteran genera 

(mayflies).  Ephemeroptera were selected allegedly “because they are among the 
most sensitive genera.”  USEPA, Office of Research and Development, National 
Center for Environmental Assessment, Washington, DC., A Field-based Aquatic Life 

Benchmark for Conductivity in Central Appalachian Streams, EPA/600/R-10/023A, 
(2010).  The use of data from only invertebrate species and then considering the 
effects of potentially confounding variables on only one genera of mayfly does not 
correspond with the national guidelines data requirement to have data collected 
from eight different families of aquatic organisms.   
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On December 18, 2008, the Science Advisory Board (SAB) issued its Advisory on 
Aquatic Life Water Quality Criteria for Contaminants of Emerging Concern in 
response to its review of USEPA‟s White Paper Aquatic Life Criteria for Contaminant 
of Emerging Concern that proposes to interpret and/or adapt the principles found in 
the 1985 National Guidelines for deriving aquatic life criteria while focusing on 
contaminants of emerging concern.  Science Advisory Board, Advisory on Aquatic 
Life Water Quality Criteria for Contaminants of Emerging Concern, EPA-SAB-09-
007, (Dec. 18, 2008).  The following section describes the SAB‟s concerns over 
USEPA‟s proposal to narrow the requirement to obtain data from eight different 

families of aquatic organisms: 
 

The Committee finds that the White Paper contains a 
comprehensive discussion of the issue of taxonomic 
coverage for developing aquatic life criteria.  [US]EPA‟s 

1985 Guidelines require that data be available for the 
following organisms: a salmonoid in the class 
Osteichthyes, a second family in the class Osteichthyes, a 
third family in the phylum Chordata, a planktonic 
crustacean, a benthic crustacean, an insect, a family in a 
phylum other than Arthropoda or Chordata, and a family 
in any order of insect or other phylum not already 
represented…In the White Paper, [US]EPA notes these 
taxonomic coverage requirements but recommends 
movement to a more “expert judgment” approach that is 

logical and should address some of the unique properties 
of [contaminants of emerging concern].  The Committee 

understands and appreciates the desirability of 
avoiding the extra work required to develop chronic 
data for species that are unlikely to be sensitive to 

certain [contaminants of emerging concern].  On 
the other hand, we emphasize that it is equally 

important to perform adequate testing to ensure 
protection of aquatic life.  Therefore it is important to 
define what constitutes a sufficiently robust set of chronic 
data for criteria derivation and also to provide additional 
guidance concerning the data needed to infer that various 
taxa are insensitive to chemicals with specific modes of 
action…Moreover, because goals for aquatic life 
criteria should extend to the protection of 

ecosystems and their services rather than 
individual targeted organisms or specific 

subsystems, there it’s a need to assure that 
biological assessments adequately address a broad 
range of taxa and environmental contexts.  Id. at 9. 
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SAB specifically notes “[t]here is a need to maintain broad taxonomic coverage for 
the development of aquatic life criteria.”  Id. at 10.  The use of data from only 
invertebrate species and then considering the effects of potentially confounding 
variables on only one genera of mayfly does not correspond with the SAB‟s specific 

recommendation to “maintain broad taxonomic coverage.”   

In addition to the national guidelines, USEPA has published literature related to the 
similar issue of the appropriate development of biological criteria.  In the USEPA 
pamphlet “States and Tribes Embrace Bioassessment and Biocriteria for Protecting 
Streams and Small Rivers” USEPA explains “[t]he presence, condition, numbers and 

types of fish, insects, algae, plants, and other organisms provide direct, accurate 
information about the health of water bodies” while the “[a]ssessment of only one 
type of animal or plant life leads to only 80-85% effectiveness in identifying aquatic 
life use attainment or non-attainment.  Assessment of a water body‟s biology can 
include the analysis of macroinvertebrates (insects), periphyton (algae), or fish life.  
[US]EPA recommends the use of two or more of these groups of biological 
assessments.”  USEPA, Office of Water, States and Tribes Embrace Bioassessment 
and Biocriteria for Protecting Streams and Small Rivers, EPA-822-F-03-005, (2003).  
This too suggests the collection of data from only one genera of mayflies is 
insufficient to make a conclusion about appropriate aquatic life criteria.  So it is 
clear that while the guidelines provide for appropriate modifications in the 
development of criteria for a specific geographic area this report substantially 
deviates from USEPA‟s own guidance for the development of aquatic life criteria. 
 
D. Section 404  

 
Consistent with the above discussion on CWA section 401 and 402, EPA‟s Detailed 

Guidance makes similar presumptions and imposes similar restrictions on the Corps 
in the CWA 404 permitting context.  “Projects projected to increase conductivity 
levels above 300 uS/cm should include permit conditions requiring adaptive 
remedial action to prevent conductivity levels from rising to levels that may 
contribute to water quality degradation.”  Detailed Guidance at 22.  EPA has 
provided no basis to conclude that these conductivity levels will harm the uses 
protected by the various narrative water quality standards promulgated by the 
states.  In some instances, natural background is higher than these levels.  In other 
cases, because of the chemistry of a particular stream, the data accumulated in 
EPA‟s draft conductivity report would have no application.  EPA also ignores the fact 
that water quality standards have no place in a Section 404 permit for coal mining 
where the ultimate discharge from any fill area is regulated by a Section 402 
permit.   
 
The Detailed Guidance also imposes several de facto changes to the 404(b)(1) 
guidelines, contrary to the agency‟s own regulations requiring that any substantive 
changes to the guidelines must be done by notice and comment rulemaking.  40 
C.F.R. 230.2(c).  Such changes include (a) requiring watershed scale (HUC 12) 
cumulative impact analysis “as an element of the factual determinations required 
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by the 404(b)(1) Guidelines”; and (b) denying Section 404 mitigation credit for 
sediment, groin, or other water control ditches required for mining projects under 
SMCRA and CWA Section 402 despite the Fourth Circuit‟s ruling affirming the Corps‟ 
reliance on these measures to satisfy both its CWA and NEPA obligations.  567 F.3d 
at 46.     
    
The section 404(b)(1) guidelines are promulgated jointly by EPA and the Corps, 
but, under the statute, are implemented solely by the Corps.  The Memorandum of 
Understanding Among the Corps, OSM, EPA, and the U.S. Fish and Wildlife Service 
for the Purpose of Providing Concurrent and Coordinated Review and Processing of 
Surface Coal Mining Applications Proposing Placement of Dredged and/or Fill 
Material in Waters of the United States (Feb. 2005),  makes it clear that:  “The 

Corps is solely responsible for making final permit decisions pursuant to section 
404(a) of the CWA, including final determinations of compliance with Corps permit 
regulations, the Section 404(b)(1)  Guidelines, and Section 7(a)(2) of the 
Endangered Species Act.”  EPA has the authority under section 404(c) of the Clean 
Water Act to veto a permit only if EPA determines the release will have 
unacceptable adverse effects on municipal water supplies, shellfish beds and fishery 
areas, wildlife, or recreational areas.  Yet, according to EPA: “EPA has the critical 

authority under CWA Section 404(b)(1) to make independent judgments about 
threats to water quality.”  Detailed Guidance, at 16.  When did EPA change its 

interpretation of the 404(b)(1) guidelines to assume the authority to second-guess 
decisions made by the Corps regarding compliance with the 404(b)(1) guidelines? 

 
EPA is creating new requirements for minimizing adverse impacts.  Detailed 
Guidance, at 26.  EPA‟s new approach would require, among other things, disposal 
of excess spoil “as far up the valley as is feasible from an engineering perspective.” 
Detailed Guidance, at 26.  Is EPA claiming the authority to regulate the disposal of 
spoil in uplands?  If so, under what authority is EPA operating?  Also, the 404(b)(1) 
guidelines require “all appropriate and practicable measures to minimize potential 
harm.”  Practicable means “available and capable of being done after taking into 

consideration cost, existing technology, and logistics in light of the overall project 
purposes.”  40 CFR 230.91(c)(2).  Is EPA now taking the position that it can require 
measures to avoid and minimize adverse effects that are not practicable?  If so, 
would EPA agree that this is a substantive change to the 404(b)(1) guidelines as 
well as 40 CFR Part 230, Subpart J, requiring rulemaking.    
 
Under the 404(b)(1) guidelines, the Corp employs sequencing when evaluating 
permit applications, looking at avoidance and minimization of harm before looking 
at compensatory mitigation.  Upon conclusion of the review and issuance of a 
permit, a permittee then may make an economic investment in a project with the 
assurance that its project has received the needed regulatory approvals.  In the 
Detailed Guidance, EPA has adopted a new definition of sequencing to permit the 
construction of only one valley fill at a time.  Detailed Guidelines, at 25.  EPA‟s new 

definition of sequencing removes any regulatory certainty that would support 
making an economic investment.  Even after a permit is issued EPA may decide to 
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ban any future valley fills.  Such a change to the regulatory definition requires 
rulemaking.   
 
As noted above, EPA‟s Detailed Guidance prohibits mitigation credit for drainage 

ways (sediment, groin, or other water control ditches).  Detailed Guidance, at 23-
24.  Is EPA taking the position that it can veto a permit just because it disagrees 
with the mitigation plan, even if the mitigation is consistent with the mitigation 
regulations promulgated jointly by the Corps and EPA, as well as SMCRA regulations 
promulgated by OSM?  EPA apparently believes it has authority to prohibit the use 
of drainage ways to develop perennial streams for mitigation of the loss of 
headwaters streams, yet, EPA has not provided the public with any data that show 
that such mitigation will result in “unacceptable adverse effects on municipal water 

supplies, shellfish beds and fishery areas, wildlife, or recreational areas” and thus 
be a basis for a permit veto under section 404(c) of the CWA. 
 
EPA is apparently taking the position that only headwater streams can mitigate for 
loss of headwater streams.  Is EPA applying this new policy to all industries?  This 
unique new position is completely inconsistent with the watershed approach to 
compensatory mitigation required by the Corps and EPA mitigation regulations and 
is not defensible, particularly when applied only to the coal industry.  How does EPA 
plan to reconcile this new position with existing regulations?  It would appear that a 
rulemaking would be required to make the changes EPA is imposing on the Corps 
through implementation of the Detailed Guidance.   
 

III. EPA is Usurping State Authority Under SMCRA 
 
Congress passed SMCRA in 1977 to "establish a nationwide program to protect 
society and the environment from the adverse effects of surface coal mining 
operations." 30 U.S.C. § 1202(a).  Congress also recognized a need to "strike a 
balance between protection of the environment and agricultural productivity and 
the Nation‟s need for coal as an essential source of energy." 30 U.S.C. § 1202(f).  
 
Under SMCRA, States have "exclusive jurisdiction over the regulation of surface 
coal mining and reclamation operations" on non-Federal lands, so long as their 
regulatory program has been approved by the Secretary of the Interior as satisfying 
the Act‟s minimum requirements.  30 U.S.C. § 1253.  Once a State‟s SMCRA 

program has been approved, anyone wishing to engage in surface coal mining 
operations within the State must first obtain a permit from the State‟s regulatory 
authority.  30 U.S.C. § 1256(a).   
 
In all Appalachian States except Tennessee, SMCRA authority has been assumed by 
the States.  In Tennessee, OSM implements SMCRA.   
 
Regulation of the disposal of excess spoil material from surface coal mining 
operations is within SMCRA‟s purview.  As part of its environmental protection 
performance standards, SMCRA requires that all excess spoil material from surface 
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mining operations be disposed of "in a controlled manner . . . and in such a way to 
assure mass stability and to prevent mass movement." 30 U.S.C. § 
1265(b)(22)(A).  The Act clearly contemplates that valley fills will be used in the 
disposal process.  30 U.S.C. § 1265(b)(22)(D) (requiring that, where the disposal 
area contains "springs, natural water courses, or wet weather seeps . . . lateral 
drains [must be] constructed from the wet areas to the main underdrains in such a 
manner that filtration of the water into the spoil pile will be prevented.").   
 
Thus, it is clear that SMCRA contemplates that excess spoil material will be placed 
into waters of the United States.   Notwithstanding Congressional approval of this 
activity, EPA is attempting to ban it.  In fact, in announcing the Guidance, EPA has 
asserted that the Guidance is “tantamount to banning valley fills.”   
 
The Corps‟ authority (and thereby EPA‟s) under Section 404 is limited to the narrow 

issue of regulating the discharge of fill material in waters of the United States. 
SMCRA, by contrast, confers exclusive jurisdiction over the regulation of surface 
coal mining and reclamation.  According to the Fourth Circuit Court of Appeals in 
OVEC, it is proper for Federal agencies to harmonize the two statutes‟ goals: 
ensuring that mining operations can proceed while maintaining the highest level of 
water quality possible outside of the mining area.  How can banning valley fills be 
considered to be “harmonizing” SMCRA and the CWA?  EPA has no authority under 

section 404 of the CWA to regulate the entire valley fill project.  Instead, that 
authority rests with the State (or in Tennessee, OSM) under SMCRA.  In OVEC, the 
Fourth Circuit ruled that the scope of the Corps‟ CWA jurisdiction (and by extension 

EPA‟s) is limited to the material actually discharged into navigable waters and does 
not extend even to the portions of the valley fill that rest on the discharged fill 
material.  567 F.3d at 27 (rejecting OVEC‟s contention that the 404 permit is a 
permit for the entire valley fill).   Therefore, EPA concerns expressed in the 
Guidance with upland impacts from proposed mining projects such as “forest 

fragmentation” and “habitat loss” are completely outside the scope of its authority 
and instead are issues within the purview of the states to regulate under SMCRA.    
 
By disregarding State authority under SMCRA, EPA is attempting to federalize every 
aspect of a surface mining project under NEPA and trammeling a State‟s authority 

over land use.  Again, the Fourth Circuit has rejected such extensive federal 
interference.  Id.  Indeed, the Court suggested that any other position would violate 
NEPA regulations and SMCRA provisions requiring inter-agency cooperation to avoid 
duplicative reviews.  Id. at29.    (“if the Corps, by issuing a 404 permit, can turn a 
valley fill project „into a Federal action,‟ … the WVDEP‟s regulation of the fill process 
becomes at best duplicative”; and citing SMCRA as prohibiting construction of NEPA 
by which the Corps federalizes a review that has been delegated to federally-
approved state [SMCRA] programs. Id.  
 
Accordingly, the Fourth Circuit, at the urging of the United States, has expressly 
limited the scope of the United States‟ CWA authority to the valley fill underdrain 
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areas and likewise affirmed a similarly narrow application of NEPA.  EPA‟s Guidance 
seeks to unwind these decisions. 
 
As part of its exclusive regulatory authority over surface coal mining and 
reclamation, SMCRA regulations address cumulative impact through a “Cumulative 
Hydrologic Impact Assessment” (CHIA).  However, in the Detailed Guidance EPA is 
now saying that CHIAs are not sufficient for determining cumulative impacts under 
the 404(b)(1) guidelines or NEPA.  Detailed Guidance, at 23, 29.  Instead, EPA is 
requiring a “watershed scale” analysis.  Here again, EPA seeks to avoid the Fourth 

Circuit ruling on this issue.  In OVEC, the Fourth Circuit affirmed that the Corps‟ use 
of the SMCRA-mandated “cumulative hydrologic impact assessment” as providing a 
rational basis for concluding there would be no impermissible cumulative aquatic 
impacts.     
 
IV. EPA is Usurping the Corps’ Authority under NEPA   
 

NEPA requires federal agencies to prepare an Environmental Impact Statement 
(EIS) for “major Federal actions significantly affecting the quality of the human 
environment.”  42 U.S.C. Section 4332(2)(C). Where it is not readily determined 

that an EIS is required, an agency may prepare an Environmental Assessment (EA) 
that documents the findings and analysis of environmental impacts.  The agency 
may choose either to proceed with the preparation of an EIS or, alternatively to 
make a Finding of No Significant Impact (FONSI).  40 C.F.R. Sections 1501.4, 
1508.9.  The Corps is the lead Federal agency for 404 permits under NEPA.  The 
Corps has promulgated regulations for implementing NEPA.  In addition, the Corps 
has announced that it plans to begin a rulemaking to amend its NEPA regulations.  
Notwithstanding the existing regulatory framework for implementing NEPA, EPA‟s 
Guidance states that “it is EPA‟s experience that projects that involve more than 
one mile of stream loss or more than one valley fill are likely to result in significant 
adverse impacts.”  EPA also suggests that upland impacts such as forest 
fragmentation and habitat loss are within the scope of the Corps‟ analysis under 

NEPA.  The Fourth Circuit has ruled that these impacts are outside the scope of the 
Corps‟ CWA and NEPA authority and thereby also outside EPA‟s 404(c) authority.   
 

V. Underlying Science is Seriously Flawed 
 

EPA cites emerging science as a basis for adopting its newly fashioned approach to 
reviewing coal mining permits, including immediate implementation of the 
conductivity limits.  EPA has issued these significant new policies prior to submitting 
its newly emerging science to outside scientific peer review or making it available 
for public comment.  NMA is not aware of another time when the agency has taken 
such an action, particularly action that brings to bear such drastic regulatory 
implications prior to completing these important reviews.  With respect to the 
overall benchmark development effort, it is remarkable that it is taking the agency 
more than a decade to revise the water quality criteria for selenium and in a matter 
of months the agency was able to produce a benchmark criteria for conductivity 
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and with the confidence to make it immediately effective.  EPA likes to distinguish 
between a benchmark and a water quality criterion to justify its failure to adhere to 
its own policies and legally required procedure, however, NMA and the companies it 
represents sees a distinction without a difference.  In the real world, EPA‟s 

“benchmark” is having the effect of a de factor water quality standard and is now 
forming the basis for third party permit appeals.   
 
NMA has expressed repeatedly its grave concerns with EPA‟s studies underlying and 
forming the basis for new policies, presumptions and de facto water quality 
standards.  See Final Report, Technical Review: A Field-Based Aquatic Life 
Benchmark for Conductivity in Central Appalachian Streams, GEI Consultants, 
Submitted to EPA September 2010 (GEI 2010).  At bottom, NMA‟s primary 
concerns, as outlined in GEI (2010), is EPA‟s use of species sensitivity distribution 
(SSD)-based methods to develop a conductivity benchmark, similar to those used 
with laboratory-derived toxicity data, to derive numeric ambient water quality 
criteria for protection of aquatic life and their uses.  The underlying principle 
governing the use of a species-sensitivity distribution (SSD) is that all of the 
organisms in the distribution exhibit a consistent response to the stressor.  
Specifically, each of the taxa should respond negatively to the stressor – only 
differing in their degree of sensitivity.  However, EPA‟s benchmark study (EPA 
2010) which drives all of these regulatory and policy changes, shows five 
fundamentally different types of stressor-response profiles.  These five stressor-
response profiles provide substantially different answers to the question “what 
conductivity concentration is necessary to provide the level of protection used by 
EPA?”  See Primary Technical Concerns with Proposed EPA Conductivity Benchmark, 
GEI Consultants, attached.  Accordingly, there is no way to reconcile these widely 
conflicting stressor-responses into a single benchmark protective of the entire 
macroinvertebrate community.   
 
These issues along with a number of additional concerns with EPA‟s science and 
field data methodology have been largely ignored by EPA and its Science Advisory 
Panel.  NMA has participated at every step of the SAB review process, submitting 
written and oral comments with every opportunity to do so but its comments have 
not been addressed in that forum.  Even where our comments were presented in 
the context of the agency‟s charge questions they were ignored.  For these 
reasons, NMA finds the SAB review woefully inadequate in terms of constituting 
fair and open external peer review of EPA‟s work.  If EPA is so confident that the 
science the agency relies on is scientifically sound, the agency should welcome 
additional scientific review.  NMA strongly encourages the agency to submit these 
studies for meaningful, independent, external peer review.   

 
Conclusion 
 
NMA appreciates the opportunity to provide comments on the Detailed Guidance.  
As stated in NMA‟s lawsuit, the coal mining industry is under an incredible 
regulatory burden caused by implementation of these new policies and guidances – 
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actions that are indefinitely delaying and obstructing the issuance of much needed 
permits critical to new and continuing operations and threatening the future of coal 
mining in the Appalachian region.   
 
Sincerely,  
 

 
Karen C. Bennett  
Vice President, Environmental Affairs  
National Mining Association  
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Subject Fw: Join us for an online seminar Se treatment

Wondered if you all had received this, FYI......

Bette Conway
EPA Region III
Water Protection Division
NPDES Permits Branch
1650 Arch Street, (3WP41)
Philadelphia PA 19103
Ph: 215-814-5744
Fax: 215-814-2301
conway.bette@epa.gov
----- Forwarded by Bette Conway/R3/USEPA/US on 12/06/2010 12:33 PM -----

From: "GE Power & Water" <info@geimagination.com>
To: Bette Conway/R3/USEPA/US@EPA
Date: 12/06/2010 12:22 PM
Subject: Join us for an online seminar

With clean water becoming an increasingly scarce 
commodity, balancing affordability and 
environmental sustainability is critical. Join us for a 
webinar to learn more about selenium removal and 
GE’s ABMet solution. GE’s ABMet experts will be 
online to answer your questions. 

We hope you will join us on one of
the following dates: 



• Friday, December 3 at 3:00 pm EST
• Tuesday, December 7 at 3:00 pm EST
• Friday, December 10 at 1:00 pm EST
• Wednesday, December 15 at 1:00 pm EST

Learn more by visiting our website.
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Matt Klasen
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Date: 12/07/2010 12:01 PM
Subject: Conductivity -Caucus Briefing papers

I am sending the attached on behalf of Steve Canton.  I understand he agreed to send them following the 
Coal Caucus briefing last week.  These are the two documents Steve prepared for the briefing.  
 
It was nice seeing both of you last week 
 
Karen [attachment "Primary Technical Concerns with Proposed EPA Conductivity Benchmark.pdf" 
deleted by Matthew Klasen/DC/USEPA/US] [attachment "EPA WQ criteria development methods ‐ 
supplemental information.pdf" deleted by Matthew Klasen/DC/USEPA/US] 
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Drs. Palmer et al. submitted these comments on our April 1 guidance.  Enviros are coming to talk with 
Bob P. tomorrow and they'll probably raise these issues, so we've pulled together the following excerpts 
and highlights for his briefing book.

Interesting stuff, particularly given the conclusion that mining and development produce very different 
development patterns.

mk

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229
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How many mountains can we mine? Ecological thresholds for freshwater   
ecosystems of the Central Appalachians  

 
Emily S. Bernhardt, Brian D. Lutz, Catherine E. Carter, 

 

John P. Fay, Ryan S King, Margaret A. Palmer, 
David Campagna, John Amos 
 
Submitted concurrently with comments from Drs. Palmer, King, and Bernhardt on the April 1 
guidance (submitted November 29).  This study has not been published or peer reviewed. 
 
 
Abstract 
Over the last decade, an estimated 2000km of streams in the Central Appalachians have been 
buried beneath the excess rock waste generated from surface coal mining. In addition to the 
streams permanently lost through valley filling, many more kilometers of streams throughout the 
region are impacted by the higher flows and chemical concentrations exported to downstream 
waters from surface mining operations. Here we estimate for the first time the areal extent of 
mining that can occur in a watershed before significant ecological impacts are observed in 
receiving streams. Using new remote sensing analyses together with field sampling data for 283 
stream reaches located across a 14 county region in southern West Virginia we demonstrate that 
changes in streamwater conductivity were strongly positively correlated with the extent of 
watershed surface mining. We detected a significant community threshold response to altered 
ionic strength, with many sensitive taxa declining precipitously and synchronously in abundance 

at a conductivity of 277μS cm
-1 

(95% CI of 176 to 344 μS cm
-1

). Our analysis is the first to 
demonstrate that the rapid increase in mining activity within regional headwaters is degrading 
water quality and freshwater ecosystems at very low mining intensities and over very large 
geographic scales. We find that stream water quality and benthic communities are significantly 
altered when as little as ~3% of the upstream watershed is converted to surface mining 
operations.  
 
Results and Discussion (excerpts regarding cumulative impacts): 
 

 We found that the proportion of watersheds that were mined was strongly positively 
correlated with streamwater sulfate and nitrate concentrations and with the electrical 
conductivity of the water in draining streams 

 
 In contrast, development activities within the 14 county area were not correlated with 

conductivity or nitrate and were slightly negatively correlated with sulfate concentrations 
 
 Variation in sulfate, nitrate and conductivity in undeveloped watersheds is highly correlated 

with the extent of mining in those watersheds. 
 
 We found that watershed surface mining leads to substantial changes in stream biota that are 

much more dramatic than changes attributable solely to development. The diversity of 
intolerant taxa declined precipitously with mining (Figure 4, supplemental Figure 2) and as a 
result both types of bioassessment scores developed for West Virginia streams declined with 
the spatial extent of mining in their watershed. The family level WV Stream Condition Index 



December 8, 2010 

2 
 

(WVSCI) and the Genus Level Index of Most Probable Stream Status (GLIMPSS) were 
significantly lower in mined watersheds compared to state reference sites (Figure 4). For all 
three metrics, significant declines in diversity and stream ecological health metrics were 
observed even in the lowest mining category (<3.5% of watershed in surface mines) (Figure 
4), suggesting that water pollution associated with even small amounts of surface mining is 
sufficient to reduce or eliminate many stream taxa. 

 
 All negatively responding taxa appeared to be very sensitive to the mining gradient, with all 

showing sharp declines in abundance at less than 10% mining 
 
 The nearly synchronous declines of taxa (SI Figure 1) was consistent with a community-level 

threshold, suggesting that surface mining of as little as ~3% (95% CI of 0 to 2.4%) of the 
upstream watershed results in sharp nonlinear declines in the abundance of many taxa 
comprising downstream communities 

 
 Even if we assumed that all mined areas should be expanded by 250m along all edges, we 

still estimated a community level threshold at 4.6% of the watershed in surface mine 
 
 [M]any fewer taxa declined significantly with development than with mining 
 
 Our analyses suggest that this conductivity threshold is typically reached when <5% of the 

upstream watershed is impacted by surface mining 
 
Conclusions (excerpt regarding cumulative impacts) 
 

 Our community threshold analyses suggest that macroinvertebrate community composition 
shifts dramatically once streams reach conductivities of ~300 μS/cm – a level achieved with 
very low levels of watershed surface mining 
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ABSTRACT  

Over the last decade, an estimated 2000km of streams in the Central Appalachians have been 

buried beneath the excess rock waste generated from surface coal mining.  In addition to the 

streams permanently lost through valley filling, many more kilometers of streams throughout the 

region are impacted by the higher flows and chemical concentrations exported to downstream 

waters from surface mining operations.  Here we estimate for the first time the areal extent of 

mining that can occur in a watershed before significant ecological impacts are observed in 

receiving streams.  Using new remote sensing analyses together with field sampling data for 283 

stream reaches located across a 14 county region in southern West Virginia we demonstrate that 

changes in streamwater conductivity were strongly positively correlated with the extent of 

watershed surface mining..  We detected a significant community threshold response to altered 

ionic strength, with many sensitive taxa declining precipitously and synchronously in abundance at 

a conductivity of 277μS cm-1 (95% CI of 176 to 344 μS cm-1). Our analysis is the first to 

demonstrate that the rapid increase in mining activity within regional headwaters is degrading 

water quality and freshwater ecosystems at very low mining intensities and over very large 

geographic scales.  We find that stream water quality and benthic communities are significantly 

altered when as little as ~3% of the upstream watershed is converted to surface mining operations.   
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INTRODUCTION 

In order to compete with western states in supplying inexpensive, low sulfur coal to the US energy 

market, mining companies throughout the Central Appalachians are increasingly turning to 

mountaintop mining to access shallow seams of coal1,2. Mountaintop mining is now the most 

widespread form of coal surface mining across the central Appalachian Mountains, and is 

particularly intense in southern West Virginia, eastern Kentucky and Tennessee, and southwestern 

Virginia3,4. In this sparsely populated region, surface mining and mine reclamation activities are 

the dominant driver of land use change5 and as a result of surface coal mining the area has the 

highest rates of sediment movement in the United States 6. To reach the coal seams which can be 

hundreds of feet below the surface, ridge tops are removed creating large quantities of waste rock 

and coal debris (“overburden”) that must be disposed of to maximize mining efficiency (Figure 1). 

In the steep topography of the region, stream valleys become the obvious location for disposing of 

rocks from the mined ridgetops.  The resulting valley fills3 can bury either headwater streams or 

once forested valley slopes under 10s to 100s of meters of overburden7. Because MTM operations 

are less constrained by topography than more traditional contour mining, MTM techniques have 

allowed surface coal mining operations to expand greatly in size4. 

The central Appalachian forests that are affected by surface coal mining support among the highest 

levels of biodiversity and endemism in the temperate zone8 leading to significant concerns about 

the loss of forest biodiversity and ecosystem functions as a result of mining4,9. Much recent 

attention has been paid to the burial of headwater streams beneath valley fills and the downstream 

impacts to waters below surface mines10(Figure 1), in part, because of high profile federal court 

cases and widely publicized exchanges between the U.S. Environmental Protection Agency (US 

EPA) and the U.S. Army Corps of Engineers (USACE) over permitting decisions11. Under the 

authority of the Clean Water Act (CWA; 33 U.S.C. 1252) the US ACE (or a delegated state) must 

approve regulatory permits to allow mining operations that will result in impacts to waters of the 

U.S. Prior to authorizing a stream fill operation, the US ACE must assure, among other things, that 

these activities will not cause significant degradation of the environment (40 C.F.R. § 230.10).  To 

meet this requirement, permittees are required to mitigate for harm done to streams.  Typically this 

is accomplished through the construction of channels on nearby reclaimed mines, the restoration of 

degraded streams within the watershed, or payment into an in lieu fee mitigation program2,12,13. The 
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extent to which these actions are sufficient to mitigate for the impacts that MTM have on 

waterways has been central to legal challenges and environmental advocacy protests calling for 

tighter regulations on this form of mining11,14. 

Scientific studies to inform such cases have been of great interest and have established that impacts 

can be substantial10,12,15,16. Rain that falls on mined and reclaimed watersheds flows through coal 

residues and rock overburden rather than surface soils.  When exposed to air, pyrite minerals in 

coal residue release sulfuric acid17, and the production of this strong acid within a matrix of 

fragmented rock leads to high rates of rock weathering.  Throughout much of the central 

Appalachians, the high buffering potential of carbonate bedrock neutralizes the acidity generated 

by pyrite dissolution and releases high concentrations of coal-derived SO4
2- accompanied by 

-elevated concentrations of Ca2+, Mg2+, HCO3 derived from parent material18. The natural acid 

buffering potential of parent material in much of the region thus generates alkaline mine drainage, 

characterized by an increase in pH, alkalinity and electrical conductivity in receiving streams18. 

The concentration of trace metals and metalloids also tend to be correlated with SO4
2- and 

conductivity12,19, and in this region elevated concentrations of manganese (Mn) and selenium (Se) 

are of particular concern due to their known toxicity20. Selenium, weathered from coal minerals, is 

more soluble at high pH and thus is a particularly problematic toxin in the alkaline mine drainage 

common to most mountaintop mines21. A number of recent studies have documented significant 

changes in stream macroinvertebrate and fish communities directly downstream of surface mining 

operations10,16,22 and have attributed these declines to the combined effects of heightened 

concentrations of ions and trace metals delivered from upstream mines. 

In response to growing concerns and scientific documentation of the impacts of surface coal 

mining, on April 1, 2010, the US EPA released their own scientific report and announced new 

actions to strengthen the permitting process and protect Appalachian waters23. This included a 

draft guidance document that set benchmarks for unacceptable levels of conductivity in waters 

associated with surface mining.  Specifically, their research identified conductivity levels of 300 μS 

cm-1 in Appalachian headwater streams as the maximum acceptable levels to prevent substantial 

impacts to native invertebrates23. This draft benchmark has been challenged by various groups 

including the National Mining Association (NMA) who filed a lawsuit in U.S. District Court for the 
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District of Columbia24. While most of NMA’s arguments question the legality of EPA’s actions, 

the lawsuit also argues that the conductivity water quality standard is arbitrary and based on 

unsupported “presumptions” that background levels of conductivity (i.e., non-mining related) are 

below the benchmark and that significant adverse impacts are related to the length of stream 

impacted or the number of fills24. 

The challenges on both sides highlight the need to fill several scientific gaps that are critical to 

decisions by regulators and to those the regulations influence. Thus our goal was to address the 

following questions: 

1. Is there a clear relationship between conductivity and surface coal mining extent in the 

central Appalachians that cannot be attributed to other impacts such as development in a 

watershed? 

2. Does the latest state-of-the-art approach designed to statistically detect biological 

thresholds support the concept of a benchmark and if so, at what conductivity level?  

Previously there has been no effort to quantify the areal extent of surface mining and link that to 

downstream water quality and aquatic community structure at river basin scales. Since the 

dominant solutes derived from surface mining that generate high conductivity in receiving streams 

are conservative ions that do not readily precipitate from solution except at supersaturated 

concentrations (SO4
2-, Cl, Ca2+, Mg2+, HCO3

-), high conductivity (and associated biological 

impacts) should be correlated with the total spatial extent of upstream mining activity.  Thus, we 

analyzed whether there was a statistically significant relationship between the proportion of surface 

mining in watersheds of southern WV and dissolved ion concentrations or between the extent of 

surface mining and alterations in stream biota.   To determine whether or not there were threshold 

relationships between stream invertebrates and conductivity, we employed a new form of analysis 

(Threshold Indicator Taxa Analysis, TITAN25). TITAN is unique in that it first characterizes the 

responses of individual taxa to an environmental gradient and secondarily aggregates taxa into a 

community-level metric only after distinguishing the magnitude, direction, and uncertainty in the 

responses of individual members of the community.  Thus, TITAN has distinct advantages over 

more commonly used community metrics, in that it allows the investigator to identify both taxon-

specific and community-level threshold responses to anthropogenic environmental gradients26. 
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RESULTS & DISCUSSION: 

We compiled existing datasets that provided determinations of the spatial extent of surface mining 

in the region over time by obtaining nonpoint discharge elimination system (NPDES) permit 

records for mining activities (maintained by WVDEP accessed online 6/24/2010), land cover 

classification data determined from National Landcover dataset (NLCD 2001), and surface mining 

maps derived from multidecade (1975, 1985, 1995, 2005) Landsat satellite data for a 59-county 

area spanning much of the Central Appalachian Coal Region (Figure 2A). We obtained data on 

water quality and macroinvertebrates that were collected and analyzed by the WV Department of 

Environmental Protection (WVDEP 2010 provided 6/30/10).  Field samples and remote sensing 

derived mine mapping overlapped for a 14 county study area in southern WV (Figure 2B) from 

which we acquired a final dataset consisting of 283 stream reaches for which both stream water 

sample analysis and stream benthic invertebrate collection data were available from summer 

collection efforts. We delineated watersheds draining to each of these 283 sampling points and 

estimated the total surface area covered by forests, development of by surface mining operations.  

Surface mining operations were further classified as mountaintop removal mines (MTM), non 

MTM surface mines (~contour or strip mines), or valley fills.  Our estimates of cumulative surface 

mining in the region derived from remote sensing image analysis are in close agreement with the 

cumulative extent of area disturbed through mining reported by NPDES permit inspectors (Figure 

2C). It is important to acknowledge that the precision of our remote sensing derived estimates of 

surface mining has not yet been estimated through ground-truthing.  Rigorous evaluation and cross 

validation of mining maps is a priority for our ongoing research effort. 

Within this dataset, 231 streams drained watersheds with some amount of mining (0.03 to 95.7% 

mined) and 212 streams drained watersheds with >1% of their watershed developed (1 to 20% 

developed). A total of 19 stream samples were classified from the land use data as forested 

watersheds (no surface mining or NPDES permits, <1% developed) and the dataset included 12 

streams classified as reference watersheds by the state of WV.  Stream stations sampled by the 

WVDEP drained watersheds that had up to 95% (18±21%, mean ±sd) of their surface area in active 

or reclaimed surface mines and up to 20% (3 ± 3% mean ±sd) of their watershed area classified as 

developed.. 
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To determine if watersheds having a greater proportion of mining have higher significantly higher 

streamwater conductivity (Question 1), we examined statistical relationships between the areal 

extent of surface mining and conductivity and solute (sulfate and nitrate) concentrations.  We found 

that the total surface area mined within a watershed, regardless of what year the mining activity 

was delineated from Landsat imagery, correlated most strongly with water quality metrics..  

Analyses that only used the most recent 2005 surface mining delineation, or which excluded all but 

MTM surface mining operations were less strongly correlated with water quality metrics.  As a 

result of these comparisons, we chose to examine how the cumulative extent of all surface mining 

within a watershed (across all years and all types) was related to water quality and biological 

changes in the region. We also examined whether variation in the extent of watershed development 

was a good predictor of water quality changes. 

We found that the proportion of watersheds that were mined was strongly positively correlated with 

streamwater sulfate and nitrate concentrations and with the electrical conductivity of the water in 

draining streams (Figure 3).  Mined streams had higher alkalinity and pH than unmined streams in 

the region (Table 1).  There were insufficient records of trace metal and metalloid concentrations 

within our dataset to examine relationships with mining, however analysis of the entire WVDEP 

database (beyond the 14 county area to which our analyses were restricted) showed that sulfate was 

strongly positively correlated with trace metals (Mn, Fe, Al) and the metalloid Se12. In contrast, 

development activities within the 14 county area were not correlated with conductivity or nitrate 

and were slightly negatively correlated with sulfate concentrations (Figure 3) and did not lead to 

significant alterations of pH or alkalinity (Table 1).  The negative relationship observed between 

conductivity and water quality for the upper quantiles of the dataset (Figure 3) occurs because some 

of the watersheds with little development had large mining impacts whose water quality impacts far 

exceed that of development in this region (Figure 3).  Variation in sulfate, nitrate and conductivity 

in undeveloped watersheds is highly correlated with the extent of mining in those watersheds. 

To assess the macro-invertebrate response to increased mining extent and streamwater conductivity 

(Question 2), we first examined changes in stream benthic macroinvertebrate diversity and biotic 

integrity scores by one way ANOVA and Tukey’s HSD to compare WV reference streams with the 

231 mined streams, split into 5 equally populated bins of increasing mining intensity.  We also 
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performed TITAN25 to examine taxon specific and community level responses to both gradients 

within this dataset.  We found that watershed surface mining leads to substantial changes in stream 

biota that are much more dramatic than changes attributable solely to development.  The diversity 

of intolerant taxa declined precipitously with mining (Figure 4, supplemental Figure 2) and as a 

result both types of bioassessment scores developed for West Virginia streams declined with the 

spatial extent of mining in their watershed.  The family level WV Stream Condition Index 

(WVSCI) and the Genus Level Index of Most Probable Stream Status (GLIMPSS) were 

significantly lower in mined watersheds compared to state reference sites (Figure 4).  For all three 

metrics, significant declines in diversity and stream ecological health metrics were observed even 

in the lowest mining category (<3.5% of watershed in surface mines) (Figure 4), suggesting that 

water pollution associated with even small amounts of surface mining is sufficient to reduce or 

eliminate many stream taxa.   

Using TITAN analysis to examine the aquatic invertebrate responses to the spatial extent of mining 

revealed statistically significant declines for 39 of the 196 taxa in the data set (Figure 5A).  The 

taxa most sensitive to mining represent a variety of mayfly, stonefly, caddisfly and beetle larvae 

that are all characteristic to central Appalachian streams and known to be sensitive to water 

pollution. All negatively responding taxa appeared to be very sensitive to the mining gradient, with 

all showing sharp declines in abundance at less than 10% mining (Figure 5, Supplemental Figure 

1). Prior research has demonstrated that mayflies are especially sensitive to mining-derived 

contaminants10,27 and our results support this, with even the highly tolerant mayfly genus Baetis 

showing a negative response to the mining gradient.  The nearly synchronous declines of taxa (SI 

Figure 1) was consistent with a community-level threshold26, suggesting that surface mining of as 

little as ~3% (95% CI of 0 to 2.4%) of the upstream watershed results in sharp nonlinear declines in 

the abundance of many taxa comprising downstream communities (Figure 5B, SI Figure 1).  

Several taxa increased in relative abundance along the mining gradient, primarily several genera of 

highly tolerant midges (Chironomidae) the tolerant caddisflies Chimarra, Ceratopsyche and 

Hydropsyche, and the blackfly Simulium (Figure 5A, SI Figure 2). This suite of tolerant organisms 

is entirely consistent with earlier impact studies10,16, suggesting that the same impacts observed 

immediately below valley fills are also apparent at the scale of 10-100km2 catchments.   
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Because of the uncertainty surrounding the precision of our surface mining delineation, we 

performed sensitivity analyses to examine how the TITAN threshold determination was affected by 

introducing random or systematic error into our % mining estimates (SI Section 2).  We found that 

our cumulative threshold estimate was robust to introduced error, and could only generate a 

significant increase in the threshold estimate by systematically increasing the estimates of mining 

area. This is a type of land cover classification error that could be introduced by edge effects, 

where landcover pixels at the edges of mines are systematically classified as forest cover.  Even if 

we assumed that all mined areas should be expanded by 250m along all edges, we still estimated a 

community level threshold at 4.6% of the watershed in surface mine (95% CI of 0.34 to 11.85%) 

(SI Section 2). 

Variation in the extent of development is not statistically correlated with the extent of mining 

within this dataset, yet the majority of watersheds experience both forms of land use change.  We 

reran TITAN analyses on the same dataset oriented along a development rather than the mining 

gradient and found that many fewer taxa declined significantly with development than with mining 

(Figure 5C). Those taxa that did respond declined at very low levels of development (0-5%).  

However, the results of this analysis are complicated by the fact that many of the low development 

watersheds have variable and sometimes high amounts of surface mining within their boundaries.  

Indeed, many of the taxa that declined with mining increased in abundance along the development 

gradient because of the negative relationship between % development and % mining (Figure 5C).   

While negative response of the invertebrate community peaked at similar values of % development 

and % mining, the magnitude of the sum of z- scores was much higher for mining (290.3) than for 

development (134.9). This indicates that more taxa exhibited a more abrupt decline across the 

mining gradient than across the development gradient (Figure 5B, D).  

TITAN analysis of the same dataset across a conductivity gradient found that increases in 

streamwater conductivity led to significant declines in 50 of the 196 total taxa and explained a 

larger amount of the variation in abundance data than either land cover variable (sum z =379.1).  

The threshold at which community changes are most drastic was at 277μS cm-1 (95% CI of 176 to 

344 μS cm-1), a number which is remarkably consistent with the EPA Guidance23 recommended 

maximum conductivity of 300 μS cm-1. Across this region, conductivity is highly correlated with 
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the areal extent of mining (Figure 3).  Our analyses suggest that this conductivity threshold is 

typically reached when <5% of the upstream watershed is impacted by surface mining. 

In our analyses we did not distinguish between old or new surface mining because we were unable 

to find any statistical evidence that the impacts of mining are ameliorated through time.  We also 

did not distinguish between mountaintop mining operations and more traditional surface strip or 

contour mines in the region because we were unable to detect statistical differences between these 

two types of mining.  Similarly, our efforts to weight impacts based on hydrologic connection to 

the stream channel (inverse distance weighting approaches) did not improve statistical 

relationships. The stream sampling dataset acquired from the WVDEP was not collected with the 

purpose of examining the efficacy of mine reclamation or mining configurations in ameliorating 

downstream impacts and thus we do not view inability to detect such subtleties in the current 

dataset as conclusive. Instead we urge that new spatial data on mining activities be used to guide 

rigorous field sampling campaigns to make these critical comparisons.   

CONCLUSIONS 

This work demonstrates for the first time a statistically significant relationship between the areal 

extent of surface mining in the Central Appalachians and variation in both the chemistry and 

biological community structure of receiving streams.  Our analyses demonstrate that even small 

amounts of surface mining can dramatically increase streamwater conductivity, pH and alkalinity 

and dramatically reduce the abundance of many aquatic insects. Our community threshold analyses 

suggest that macroinvertebrate community composition shifts dramatically once streams reach 

conductivities of ~300 μS/cm – a level achieved with very low levels of watershed surface mining.  

An important argument for a casual pathway from mining to conductivity to community thresholds 

is the large proportion of shared taxa that declined in response to both watershed mining and 

conductivity. Of the 39 taxa that significantly declined along the mining gradient, 24 significantly 

declined with increasing conductivity.  Conversely, few of the taxa that responded negatively to the 

development gradient declined with increasing conductivity. 

These results have important policy implications. First, the fact that the cumulative impacts of 

MTM on water quality and on the biological condition of streams are readily quantifiable and 
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cannot be attributed to development have the potential to inform decisions on the amount of mining 

regulators allow in a given watershed. Second, using a novel and rigorous method of data analysis 

to test for thresholds (TITAN), we found a threshold conductivity level (277μS cm-1 with 95% CI 

of 176 -344 μS cm-1) that is remarkably similar to the benchmark of 300 uS/cm that the US EPA 

has proposed to be protective of aquatic life in their recently issued guidance document, lending 

support to their draft conductivity benchmark.   

METHODS 

Regional Mapping of Surface Mining: Surface mining activity was mapped from digital multispectral 

images collected by the Multispectral Scanner (MSS) and Thematic Mapper (TM) sensors carried by the 

Landsat series of remote-sensing satellites. Historical images in the Landsat archive28 were reviewed for 

cloud cover, smog and haze. Mid-summer images were favored to facilitate the identification of 

disturbed areas and minimize seasonal variations in solar illumination.  To ensure detection of mining 

disturbance since the 1970s while minimizing the total volume of data for analysis, mid-decade imagery 

was chosen (SI Section II). Digital elevation data were also acquired for topographic analysis, enabling 

the identification of ridges and mountaintops throughout the study area as a means of discriminating 

MTR operations from other types of surface mining. We opted to use 3-arc-second (1x1 minute) DEM 

data compiled by the U.S. Defense Mapping Agency. This series was distributed as 1x1 degree areas that 

corresponding to the east or west half of the USGS 1:250,000 scale topographic quadrangle map series.  

These elevation data are from topographic surveys that mostly pre-date 1976 and therefore provide the 

best available representation of topography in the study area prior to the advent of mountaintop removal 

mining.  The horizontal position error of this elevation dataset is generally stated to be 100 meters or less. 

Other supporting digital GIS data included detailed transportation features and populated areas derived 

from USGS 1:24,000-scale topographic maps29. The river and stream vectors that comprise regional 

hydrology were compiled from the 1:24,000-scale National Hydrography dataset30 . 

Image Processing:  Image processing and analysis was performed using Erdas IMAGINE image 

processing and GIS software on a standard Windows-based workstation. All images were placed into a 

common map projection (UTM Zone 17 North – WGS84 datum) using standard techniques that 

included the selection of image-to-map tie points by an experienced operator, and digital resampling of 

the images using a nearest-neighbor algorithm to preserve the original spectral information.  Additional 

processing included the creation of same-date, path-oriented mosaics to simplify the classification 
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process. The georectified mosaics were then cropped to the study area boundary to reduce computer 

processing time. 

An iterative, two-stage process was developed to identify and delineate areas disturbed by traditional 

surface mining and by mountaintop removal mining (MTR).  First, land cover classification was 

performed for each date of imagery. Classification followed a two-step process: pixel-based spectral 

signatures of various land-cover types were identified; then a decision-tree analysis was used to classify 

areas of active surface mining. Pixel-based classification was performed using the supervised maximum 

likelihood technique31. Given the rugged terrain of the region, the image data were first spectrally 

enhanced to reduce albedo-related variations in illumination and spectral characteristics using the 

hyperspherical direction cosine (HSDC) method32. Training samples were selected for each date of 

imagery to yield land-cover classes compatible with the Anderson Level II system33, such as bare rock, 

soil, forest, grasses/crops, water, clouds, etc. The results of this procedure were then modified by 

classifying any bare rock and soil outside of a 400 meter buffer zone around rivers, highways and 

agricultural areas. This separates areas of bare soil and rock likely attributable to active mining from 

areas naturally devoid of vegetation, such as river banks and channels, paved surfaces, and plowed or 

fallow fields.   

Second, topographic analysis was performed to subdivide the classified mining areas into “MTR” and 

“Other Surface Mining” categories.  While the legal definition of MTM as defined by the U.S. Office of 

Surface Mining is too vague to implement directly into a GIS model, their definition did guide the 

development of a reproducible, rule-based method by SkyTruth for identifying MTR areas. We started 

from the perspective that, to qualify as MTR, an individual mining operation had to 1) cross a ridge top 

or peak, and 2) impact an area significantly larger than a typical conventional strip mine. 

Using digital elevation data from the U.S. Geological Survey 1:100,000 series, the terrain parameters 

that characterize ridge tops and peaks, slopes and valleys were calculated.  We defined a ridge top or 

peak as a point that lies on a local convexity that is orthogonal to a line with no convexity or concavity. 

After ridge tops and peaks were identified and delineated from the elevation dataset using these criteria, 

contiguous areas encompassing fewer than  40 acres were eliminated to minimize noise in the analysis. 

MTR operations were identified in the mining land-cover class by calculating the percentage of ridge top 

that comprised the mine’s total area. We produced two categories of MTR mines: contiguous mining 
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area spanning more than 320 acres and containing more than 40 acres of ridge top, and contiguous 

mining areas between 40 and 320 acres that contain at least 10 - 40 acres of ridge top in the mined area.  

Digital boundaries delineating the MTR areas, and the other surface mining areas identified by this 

analysis were analyzed for the entire region (SI Table 2) and files were exported in GIS-compatible 

shapefile format.  

Water Quality and Stream Benthic Samples: We obtained data on water quality and 

macroinvertebrates collected and analyzed by the WV Department of Environmental Protection 

(WVDEP 2010 provided 6/30/10 in response to FOIA request).  The full dataset includes water 

quality, stream habitat and stream benthos information on 6463 stream reaches.  Samples were 

collected between 1996 and 2009. From this large dataset we extracted all sample data that met the 

following selection criteria: streams <10m wide draining watersheds completely contained within 

the 14 county area of southern WV for which we had mapped the extent of surface mining; samples 

for which benthic macroinvertebrate samples were collected during summer surveys and identified 

to genus; and samples for which at least streamwater conductivity and sulfate concentrations were 

recorded.   

Watershed Delineation for Stream Sampling Stations: Geospatial analysis to determine the areas of 

surface mining and developed lands upstream of water quality sample locations was performed 

using Environmental Systems Research Institute’s (ESRI’s) ArcGIS software, version 9.3.1. Digital 

elevation model (DEM), hydrography, land cover, surface mining, and water quality sample 

location data for the entire area draining into the 14 West Virginia counties examined were 

assembled into a geographic information system (GIS) with all data georeferenced to the Albers 

Equal Area projection. The DEM data, a subset of the National Elevation Dataset34, were obtained 

from the National Hydrography Dataset Plus (NHD+)30 and represent elevation as 30 x 30 m pixels. 

We also obtained flow direction, a derivative of the elevation dataset, as well as 1:100,000 scale 

stream flow-lines from the NHD+ and added them to our GIS database. The land cover data we 

obtained are part of the 2001 National Land Cover Database35 and were obtained from the USGS 

Multi-Resolution Land Characteristics Consortium (MLRC)i. The DEM, hydrography, and land 

cover data were all obtained as ArcGIS formatted files in the Albers projection and needed no 

further processing to be added to our spatial database.  
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Stream sampling point coordinates were used to construct an ArcGIS point file referenced to a 

geographic coordinate system (WGS 84), which was then projected into the same Albers coordinate 

system used by the other spatial datasets.  Water quality point locations had to be snapped to areas 

of high flow accumulation (i.e. stream cells) to properly calculate upstream areas. ArcGIS has a 

tool, “snap pour point”, designed to do this, but it worked too coarsely, snapping some points to 

the wrong stream while unable to snap other points to correct locations. We therefore developed an 

iterative snapping algorithm that gradually moves a point along routes of higher flow accumulation 

until a stream cell is met. With all sample points snapped to the nearest stream location, we used 

the ArcGIS watershed tool to identify all cells upstream of a given point. We then calculated the 

area of historical surface mining and of developed areas by tabulating the number of mined cells 

(from the mining delineation dataset) and the number of developed cells (from the “Developed” 

classes in the NLCD 2001 dataset) , respectively. 

Statistical Analyses: 

For the data analysis to address question 1, we estimated the total watershed area that had ever been 

mined (active and past surface mining) and used that estimate of cumulative mining extent as a 

predictor variable. We examined statistical relationships between solute concentrations along both 

mining and development gradients using quantile regression.  We also split the full mining dataset 

into 5 equal categories of mining extent and examined changes in water quality and in 

macroinvertebrate taxa richness and in two benthic indicator scores developed for Central 

Appalachian streams by one way ANOVA and Tukey’s HSD.   

TITAN Analysis: To address question 2, we performed Threshold Indicator Taxa Analysis 

(TITAN36) to examine taxon specific and community level responses to both gradients within this 

dataset. First, TITAN estimates the value of the environmental variable that produces the greatest 

change in both the abundance and frequency of occurrence of each individual taxon with a 

minimum of 5 occurrences within a sample population. Since TITAN requires only 5 occurrences 

for analysis it is sensitive to rare species, a distinct advantage for detecting local biodiversity loss.  

The magnitude of the response is quantified as an indicator value z score37. The observed change 

point for a taxon is the value where the indicator score reaches its maximum.  Individual taxa 

change points are bootstrapped to assess consistency in the direction (negative or positive) and 
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location of response (confidence intervals) to the gradient.  Because indicator scores are 

standardized to z scores, taxa that do not respond to the gradient achieve very low or negative z 

scores thus provide minimal weight (or noise) to the assessment of community response.   

Potential community-level thresholds are assessed by separating negative (z-) and positive (z-) taxa 

responses, summing the z+ and z- taxa separately, and tracking these aggregate responses for every 

potential change point value along the environmental gradient.  Synchronous change points among 

multiple taxa within a narrow range of environmental values results in a distinct peak in the sum of 

the taxa z-scores (sum(z-) for negative responses, sum(z+) for positive responses).  The magnitude 

of the sum(z) scores are also a direct measure of the magnitude of the effect of an environmental 

predictor. Collectively, a large, sharp peak in sum(z) values, obvious synchrony in numerous taxa 

change points, and evolutionary and life-history relationships among responsive taxa that are 

consistent with known sensitivities to anthropogenic gradients serve as empirical evidence for a 

community-level threshold26. While uncertainty may be relatively high about the location of low-

frequency individual taxa thresholds, synchrony in the conductivity level point-of-decline of many 

species, including rare ones, bolsters confidence in the robustness of the community threshold. 
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FIGURE 1 – Photos from the Hobet mine, a 40mi2 surface mine in southern WV. (A) An aerial view of a 

portion of the mine above Laurel Fork during active mining in 2006 (Vivian Stockman, OVEC); (B) a 

closeup view of the reclaimed mine surface above Laurel Fork in June 2010; (C) a filled tributary to 

Laurel Fork in 2010; a settling pond below the valley fill in C; (D) a closeup of the sediments of the valley 

fill drainage showing carbonate deposits. All photos except A by ESB. 





                          
                   

 

 
   

Figure 3. Quantile regressions for streamwater conductivity, nitrate and sulfate across the two 

dominant land cover gradients, surface mining (A&B) and development (C&D). 







                             
                                 

                         
 

 

FIGURE 6.TITAN results for taxa having both high purity and reliability when run against conductivity 

Points are centered on the estimated change point for each taxa, horizontal lines indicate 95% CI based 

on 500 bootstrap replicates, and point size is proportional to the taxa z‐score. 



  

  
  

 

 

 
 

 

Supplemental Material to be online  

(to accompany Bernhardt et al. “How many mountains can we mine…”) 

This Supplement Includes two figures (Figures 1 and 2) and one table (Table 2) that are directly 
referenced in the text as well as a detailed description of sensitivity analyses that we 
performed to test the robustness of our TITAN estimates.  The section on sensitivity analyses 
is referred to in the present manuscript as “SI Section 2” 

Figure Headings 

Supplemental Figure 1: Abundance patterns for individual taxa determined to respond 
significantly and negatively to the extent of surface mining in their catchment.   

Supplemental Figure 2: Abundance patterns for individual macroinvertebrate taxa that 
evidenced a positive response to the extent of surface mining in their catchments. 
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SI Section 2: Sensitivity Analyses with TITAN 

Because we do not yet have estimates of the precision of our areal estimates of surface mining 
activity, we performed a series of sensitivity analyses with TITAN to determine whether our estimates 
of a mining threshold were robust to several types of possible error in surface mining estimates.  We 
introduced error to the dataset using 3 different approaches. 

Method I: Random inflation/deflation of %mining (Figure 3) 

We created a vector of values from random normal 
distribution (µ = 10, sd = 3) equal in length to %mining 
gradient and then divided vector by 10 (to give values 
from -1 to 1, centered around 0).  We multiplied this 
vector value by %mining and summed with %mining. 
This introduces random scatter into the %mining 
estimates, with the scatter increasing proportional to the 
absolute %mining value.    

Method II: Replacement of 10% of data w/ random values 
(Figure 4) 

We randomly selected 10% of the total observations and 
assigned them a random %mining value between 0-100% 

Method III: 250m Buffer around all mined areas (Figure 5) 

We assume that the largest uncertainty in the satellite 
imagery processing is the accuracty in determining the 
the perimeter of mined areas.  Based on the geometry 
and total area of each watershed, as well as the geometry 
of the mined area within or near the watershed, 
uncertainty at the edge of mined areas can impact each 
watershed differently.  We added 250m buffers (~8pixels) 
to the edge of every mined area (Figure 6), recalculated 
%mining within each watershed, and re-ran TITAN with 
these values. 



 

 

 

 

 

 

 

 

 

 

 
   

 

 

 

 

   

    

   
   

    
   

   

   
   

   

     
   

   

Supplemental Figure 6.  Example of buffered mine delineations.  Green = SkyTruth
Mining extent; Red =
watershed boundaries.

Buffered extension of mining delineation; Blue lines =

We found that TITAN results are robust when we introduce a moderate amount of 
random variation in the %mining values (Method 1, Supplemental Table 1, Supplemental
Figure 7).  The estimated change point value and CI are very similar to non‐modified
result (Supplemental Table 1). 

Supplemental Table 1.  Change point values (+/- 95% boostrap CI) for each TITAN run.  

Change Point Lower 95% CI Upper 95% CI 

No Modifications 
 sumz- 1.28 0.00 2.43
 sumz+ 63.08 15.36 67.47 

Random Change 10% Sites 
 sumz- 0.04 0.00 2.06
 sumz+ 65.45 27.01 91.27 

Normal Distribution Modifier 
 sumz- 0.06 0.00 2.36
 sumz+ 41.04 10.09 61.02 

Buffered Areas by 250m
 sumz- 4.66 0.34 11.85
 sumz+ 100.00 59.69 100.00 

Similarly, when we replaced 10% of the observations with a random % mining value 
(Method 2), the overall community response value remains unchanged (Supplemental 
Table 1) but the number of taxa responding negatively decreases. (Supplemental Figure 
8).  This is likely because the random reassignment led to assigning rare taxa found only 
at a small number of unmined sites to some mined sites.  This reassignment can 
introduce enough uncertainty in the patterns of abundance for rare taxa that a change 
point for that taxa cannot be determined 



 

 

 

 

 

 

 

 

 

 

 

When we introduced systematic error by increasing the size of mined areas by 250m along all 
edges (Method 3) we were able to increase the change point estimate and confidence interval 
values (Supplemental Table 1, Supplemental Figure 9).  We expected the values would 
increase (because we added mining area without changing patterns of taxa abundance).  We 
found this error slightly inflated the estimated change point (from 1.3 to 4.7% mining) and 
increased the 95% confidence interval around this estimate.  While such error causes the 
change point to be broader, there is still a clearly defined negative response (Supplemental 
Figure 9). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Figure 7  




 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Figure 8 




 

 

 

 

 

 

 

 

Supplemental Figure 9 






Sharmin Syed/DC/USEPA/US 

12/08/2010 03:02 PM

To Matthew Klasen, Gregory Peck

cc Js Wilson, Marcus Zobrist, Martha Segall, Tom Laverty, 
Nizanna Bathersfield

bcc

Subject Re: Status of KY and WV withdrawal petitions for Bob P 
meeting tomorrow?  (Need by 3 pm)

Greg and Matt,

Attached are some bullets about the current status of the two withdrawal petitions, along with summaries 
of each petition.

Region 3 was a little short-staffed today, with the Spruce hearing and a Sussman briefing, so I may have 
additional information on the WV petition early tomorrow.

Please let me know if you have any questions, or need clarification on anything.

Thanks.

_______________________________________
Sharmin Syed

Program Management, Analysis, and Data Team
State and Regional Branch
Water Permits Division, Mail Code 4203M

Office of Wastewater Management
US Environmental Protection Agency

Ph: (202) 564-3052
Fax: (202) 564-9544

Matthew Klasen 12/08/2010 11:58:45 AMHi Tom, Bob P. is meeting with a group of enviro...

From: Matthew Klasen/DC/USEPA/US
To: Tom Laverty/DC/USEPA/US@EPA
Cc: Martha Segall/DC/USEPA/US@EPA, Sharmin Syed/DC/USEPA/US@EPA, Js 

Wilson/DC/USEPA/US@EPA, Marcus Zobrist/DC/USEPA/US@EPA, Gregory 
Peck/DC/USEPA/US@EPA

Date: 12/08/2010 11:58 AM
Subject: Status of KY and WV withdrawal petitions for Bob P meeting tomorrow?  (Need by 3 pm)

Hi Tom,

Bob P. is meeting with a group of enviros tomorrow afternoon, during which the topic of the KY and WV 
withdrawal petitions will almost inevitably come up.

Can your folks check with R3 and R4 on the status of their petition responses and get Greg and I a couple 
bullets by 3 pm on where things stand?

Let me know if you have any questions.



Thanks,
Matt

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229



KY Withdrawal Petition (filed 3/15/2010) 
 
Petitioners:  Appalachian Center for the Economy and the Environment, Sierra Club, Public 
Justice, and Kentuckians for the Commonwealth 
 
Current Status of Petition: 
 
Premature for Region to be in a position to formulate decision on petition.  In interim, Region 4 
is working with Kentucky on the following: 
 
1. KY provided a response to petition, as requested by Region 4. 

 Response shared with petitioners and being reviewed by Region 4. 
 Region 4 focusing on NPDES permit objections (21 permits). 

o Working with State on developing a mutual understanding of conditions in 
permits. 

o This will have bearing on outcome of petition. 
 
2. KDOW announced late last week an enforcement initiative to be taken in KY. 

 For coal companies and laboratories serving coal companies, after allegations of 
improper discharge monitoring reporting. 

 Related to lawsuit with KDNR (outside party filed suit). 
o MOA between KDOW and KDNR outlines program processes, with an 

agreement on how effluent monitoring is evaluated. 
 Discharge monitoring reports are sent to DNR, but have not been followed 

up on in past. 
 KY now reevaluating MOA between 2 parts of state government. 

 R4 also pursuing enforcement actions against coal mines and contracted laboratories. 
 
  



Summary of Petition: 
 
1. Toxicity Testing. 

 Eight recent EPA WET tests in the Kentucky coal fields showed that in all of the tests, 
streams downstream from surface coal mining sites had chronic toxicity that greatly 
exceeded the state standard of 1 toxicity unit. Results ranged from 3.9 to as high as 55.2 
toxicity units. One of the most toxic streams was downstream from the Guy Cove 
Research Project site, showing that the claimed mitigation success at that site is a 
charade.  

o This study shows that coal mining NPDES permits should not be issued without 
WET limits, yet no such permits have those limits. 

 
2. Selenium. 

 KYDOW has not issued a single coal NPDES permit with selenium limits. In fact, the 
agency has, for all intents and purposes, exempted the coal industry from the chronic 
selenium aquatic life criterion.   

o Further, even when a mining operation admitted to having a reasonable potential 
to cause a violation of the acute selenium criterion, the agency provided loopholes 
so that the company, ICG Hazard, was able to avoid restrictions on its selenium 
discharges.   

o Further, KYDOW has completely failed to take measures such as requiring 
selenium analysis of geological core samples at mining sites in order to attempt to 
prevent selenium pollution. 

 No NPDES permits for surface mines should be issued until adequate core sampling has 
been conducted, selenium limits are placed on permits with reasonable potential and the 
operator has demonstrated before permit issuance that it has the ability and commitment 
to treat its effluent to comply with its permit limits in perpetuity. KYDOW fails on all 
three tasks. 

 
3. Water Quality Standards. 

 First, KYDOW has failed to implement and enforce its narrative criteria for conductivity, 
despite overwhelming scientific evidence that this pollutant is causing widespread 
biological impairment in streams. 

 Second, KYDOW’s chronic numeric criterion for iron has been rendered meaningless by 
KYDOW’s requirement that the criterion does not apply until demonstrated harm to 
streams from iron has already occurred. 

 Third, KYDOW has failed to promulgate numeric water quality criteria for aluminum 
even though it is known to be causing serious harm to aquatic life uses. 

 
4. General Permits. 

 KYDOW’s general permit procedures are inadequate to detect and prevent violations of 
water quality standards. For mines with existing permits, KYDOW only requires mine 
operators to take a single grab sample of their discharges once in five years. For new 
mines, one sample prior to permitting is all that is required. This testing is usually 
insufficient to demonstrate that there is no reasonable potential for violations. And even 
when tests do show that there is reasonable potential, KYDOW misapplies EPA guidance 



on that issue and ignores that potential. In every case, KYDOW wrongly concludes that 
no further monitoring is required and no permit limits are necessary. In fact, existing 
scientific studies, stream monitoring data, and mine permit applications demonstrate that 
coal mines in Kentucky have a reasonable potential of exceeding numerical and narrative 
water quality standards for several pollutants, including selenium, iron, aluminum, 
conductivity and toxicity. These mines should have numerical limits for these pollutants 
in their permits. 

 Kentucky’s general permit also shortchanges public participation requirements, because 
discharge samples for many pollutants are not required until after the comment period 
closes, and the comment period for antidegradation review is only fifteen days, rather 
than the required thirty days. 

 
5. Individual Permits  

 First, the agency for fifteen priority pollutants only analyzes discharges for compliance 
with acute water quality criteria, not chronic criteria. KYDOW assumes that the acute 
criterion is the most limiting one, and bases that assumption on its theory that discharges 
from mines depend entirely on precipitation. This theory seems to presume that mining 
discharges are too short and intermittent to compare to chronic criteria, which are based 
on four-consecutive-day averages. However, even if that theory were correct, EPA 
guidance requires application of both the acute and chronic criteria in such situations. In 
fact, KYDOW’s theory is incorrect, because mining discharges are not entirely rainfall-
dependent and can extend over longer periods when application of the chronic criterion is 
appropriate. Existing data shows that violations of chronic criteria for some pollutants are 
already occurring. 

 Second, KYDOW’s oversight of individual permit applications is inadequate because 
permittees use improperly high detection limits and fail to test for aluminum and 
conductivity. 

 
6. Impaired Streams  

 KYDOW has only evaluated and assigned TMDLs for 51 impaired streams, while 2,000 
other impaired streams have no TMDLs. KYDOW cannot meet EPA guidelines for 
establishing TMDLs for these unaddressed sites within 8-13 years because it has 
insufficient resources to do so. 

 In addition, KYDOW’s data requirements for stream listing automatically exclude many 
streams because KYDOW does not even assemble enough data to meet those 
requirements. 

 
7. Bond Forfeiture and AML Mine Sites. 

 KYDOW is violating the CWA by failing to require NPDES permits for discharges of 
acid mine drainage from bond forfeiture sites. For AML sites, KYDOW improperly uses 
a general permit that fails to set enforceable limits to prevent violations of water quality 
standards and instead relies on unenforceable “best management practices.” 

 
 



WV Withdrawal Petition (filed 6/17/09) 
Petitioners:  Appalachian Center for the Economy and the Environment on behalf of the Sierra 
Club, West Virginia Highlands Conservancy, Coal River Mountain Watch, and Ohio Valley 
Environmental Coalition. 
 
Current Status of Petition: 
 

 Acknowledgement letter sent by Region to petitioners on 7/21/2009, committed to 
discussing the petition with WVDEP and the Petitioners. 

o Conference call with Region and WVDEP on 8/13/2009 to discuss issues, request 
a point-by-point response to the petition, propose face-to-face meeting, and 
agreed to develop a plan of action to address any problems. 
 

 Written response to petition received from WVDEP Summer 2010 
o Response does not completely address issues in petition 
o Region 3 drafted letter to State Environmental Quality Board specifying issues of 

concern (draft letter currently with EPA HQ) 
 MOA between WV & EPA specifies EPA will work with Board 

(appeals board, with authorization to modify or issue permits). 
 

 Region 3 commencing quarterly enforcement management calls with West Virginia to 
discuss violations and how they’re being addressed. 

o First call occurred late October/early November 2010. 
 

 Region 3 still in process of reviewing petition.  
o Once completed, comments will be submitted to WVDEP. 

 WVDEP will then prepare plan to assess deficiencies. 
o Region 3 relying on results of NPDES Permit Quality Review (completed July 

2010) to prioritize petition issues. 
o In FY2011, Region 3 will be working with WVDEP to conduct the State Review 

Framework (enforcement review), in accordance with 106 grant commitment by 
end of FY2011. 

  



Summary of Petition: 
 
Initial 6/17/2009 Petition: 

1) Petitioners assert that W. Va’s legal authority does not meet CWA requirements. 
a. Petitioners assert that W.Va. law is inconsistent with WQBEL requirements 

because WV Code § 22B-1-7 allows the Environmental Quality Board (EQB) to 
consider the economic feasibility of treating or controlling waste when issuing 
NPDES permitting appeals decisions 

i. According to the Petitioners, the EQB has interpreted this statutory 
provision to mean that, when considering appeals of water quality based 
effluent limits, the EQB must weigh the economic feasibility of 
compliance with those limits even though the WVDEP is foreclosed from 
considering cost when it issues the permits.  

ii. The Petitioners cite a case, Jacks Branch, where the EQB reversed the 
WVDEP’s decision to apply a WQBEL for selenium because “it would be 
unreasonable to require [the permittee] to spend a substantial amount of 
money” to comply with such limits.  

b. At the end of 2009 the W. Va Legislature passed SB 461 which the Petitioners 
assert limits W.Va.’s authority to implement federal selenium criteria.  

i. SB 461 states that the research underlying the federal selenium criteria 
does not apply to W. Va.  It directed WVDEP to conduct its own studies. 
According to the Petitioners, SB 461: 

1. Illegally suspended all selenium WQBELs until July 2012; 
2. Gives WVDEP authority to issue inappropriate compliance 

schedules (inappropriate because the additional time would be used 
to take actions to relax the standards rather than to come into 
compliance with them also do not require compliance “as soon as 
possible”); and 

3. Allows permit modifications in circumstances not authorized under 
federal law (specifically 40 CFR 122.62 or 122.63).  

c. Petitioners allege that the EQB has held it is not charged with administering 
federal law in the context of the NPDES program because the state program is 
federally approved and the state statutes and regulations are all that needs to be 
followed. 

i. The case the Petitioners cite dealt with the question of whether CWA § 
402(o) [antibacksliding requirements] applies to state program.  

 
2) Petitioners assert that W. Va. has failed to issue/obtain NPDES permits for dischargers at 

bond forfeiture mining and abandoned mine sites. 
a. According to Petitioners, the WVDEP has issued only one NPDES permit to itself 

for point source discharges from bond forfeiture sites that it is responsible for 
reclaiming [hundreds of these sites exist] 

b. According to Petitioners, the State has not required dischargers of treated or 
untreated acid mine drainage at abandoned mines to obtain permits 

i. NOTE: The Petitioners in  West Virginia Highlands Conservancy vs. 
Huffman (not the same as the withdrawal petition petitioners) have asked 



EPA to file an amicus brief in the state’s appeal to the 4th Circuit of a 
lower court order that the state obtain permits for the mines.  OW has not 
weighed in on whether to file the brief. 

 
3) Petitioners assert that W.Va. issues permits that do not conform to the requirements of 

federal regulations.  
a. Petitioners claim the state fails to consider “reasonable potential” for selenium 

pollution, include appropriate WQBELs in permits, or assure that limits that are in 
place can be met 

i. In some instances, permits have requirements to monitor for selenium, but 
no actual effluent limits. 

b. Petitioners assert the State fails to require selenium core samples, selenium 
effluent limits, or selenium monitoring at all mines in traditionally high selenium 
seams 

c. According to the Petitioners, WVDEP issues new permits with WQBELs for 
selenium without any assurance that those limits can be met.  

d. Petitioners also assert the State improperly uses compliance schedules [extended 
them 3 years in selenium permits w/out looking at the conditions of each 
discharge] 

 
4) Petitioners assert that W. Va. fails to comply with public participation requirements. 

a. Petitioners claim the EQB approves settlements or issues final orders that result in 
major modifications which are not subjected to the public notice and comment 
requirements. 

i. NOTE: Under 40 CFR § 123.25(28) and § 124.10(a)(1)(iv), state 
programs are not required to provide the public with notice of permit 
appeals. However, states are required to follow the requirements of 
§122.62 pertaining to major modifications including a public notice 
element. 

b. Petitioners claim the WVDEP extends the final compliance deadline in schedules 
of compliance w/out public notice or comment. [under federal law, an extension 
of a compliance schedule = a major modification subject to notice and comment] 

c. Petitioners claim the Legislature reviews WQS and amends the NPDES program 
w/out notice and comment 

 
5) Petitioners assert that W. Va’s enforcement program is grossly deficient.  

a. Petitioners assert that the WVDEP has not required any operator that is violating 
its selenium permit limits to come into compliance with those limits 

i. Keep issuing compliance schedules, then not following up to see if interim 
measures are being met.  

b. Petitioner claims industry often initiates settlement discussions with WVDEP to 
avoid federal or citizen enforcement actions 

c. Petitioner claims the State fails to bring enforcement actions for known violations 
at mining and industrial sites and municipal facilities.  

 
6) Petitioners assert that W. Va. has failed to comply with the terms of its MOA.  



a. Petitioner claims W.Va has not been submitting annual statistical reports on minor 
permittees as required by the MOA it signed at the time its program was 
approved. 

i. NOTE: These annual reports are required by the 1982 MOA between EPA 
and WVDEP.  

 
7) Petitioners assert that W. Va. has failed to develop an adequate regulatory program for 

WQBELs 
a. Antidegradation: 

i. Petitioners claim the State is not following the correct protocol for 
calculating selenium permit limits 

ii. Petitioners claim the State does not require mining facilities to submit a 
socioeconomic justification for discharges of selenium to high quality 
streams 

b. Mining general permit: 
i. Petitioners claim the state impermissibly authorizes discharges that will 

have a reasonable potential to cause or contribute to WQS violations 
[specifically: iron] 

ii. Petitioners claim there is no protection for existing uses 
iii. Petitioners claim many facilities under the permit are exempted from 

antideg review because they’re categorized as stormwater discharges –
state assumes that as long as BMPs are implemented, degradation should 
not occur 

c. Failure to develop TMDLs for ionic strength impaired streams 
i. Petitioners claim the WVDEP continues to draft and/or issue permits to 

new sources of ionic stress that will discharge to biologically impaired 
streams 

ii. Petitioners claim the State has failed to establish WQS for total dissolved 
solids, conductivity, and ionic strength 

d. Petitioners claim the WVDEP is not implementing its tissue-based human health 
water quality criterion 

i. According to the petitioners, the criterion is lower than EPA 304(a) 
guidance.  

 
7/31/2009 Supplement to Petition: 
 

1) Antidegradation – Socioeconomic Reviews 
a. According to the Petitioners, even when the WVDEP requires a socioeconomic 

review, the reviews do not weigh the economic benefits against the environmental 
impacts of the discharge. Rather, the reviews seem to assume that any job creation 
or any increase in tax base is worth the environmental degradation that will be 
caused.  

b. Petitioners claim the reviews do not consider the benefit of maintaining water 
quality above that necessary to maintain fishable/swimmable.  

 



2) According to the Petitioners, W. Va. consistently fails to comply with public participation 
requirements 

a. According to the Petitioners, WVDEP has generally failed to provide public 
notice of socioeconomic reviews to individuals on area lists and, at least once, has 
failed to post notice in local newspapers. 

 
3) Compliance Schedules 

a. According to the Petitioners, WVDEP is not following the federal requirements 
re: compliance schedules 

i. Allowed for 20-year compliance schedules for two municipal sewage 
treatment plants and did not include assurances that the schedule is 
appropriate or will lead to compliance with effluent limits “as soon as 
possible.” 

ii. 20-year compliance schedules are based, in part, on future agency action 
(establishing WV numeric nutrient WQ criteria) and not on productive 
efforts by the permittees to meet the narrative criteria.  

iii. WVDEP has stated the limits in the permit are not final limits, they may 
be revised in the future – creates uncertainty.  

 
 



Matthew 
Klasen/DC/USEPA/US 

12/09/2010 03:18 PM

To Gregory Peck

cc Denis Borum

bcc

Subject Re: Fw: Meeting with House T&I Staff

Sure -- here are some web links of interest and one PDF that's not accessible online without subscription.

I've provided the Pond 2008 and 2010 links/papers just in case we want to pass that along, too.

mk

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

EPA Draft Conductivity Benchmark Report
Report:
http://yosemite.epa.gov/sab/SABPRODUCT.NSF/81e39f4c09954fcb85256ead006be86e/984D6747508D
92AD852576B700630F32/$File/Field-Based+Aqu+Life+Benchmark+for+Conduc+in+Central+Appal+Stre
ams+-+Ext+Rev+Drft+Mar+2010.pdf

Draft SAB Comments: 
http://yosemite.epa.gov/sab/SABPRODUCT.NSF/81e39f4c09954fcb85256ead006be86e/73EFD038CD5
705AC852577AE004B972C/$File/Conductivity+Report+Draft+Sep+28.pdf

EPA Draft Mountaintop Mining  / Valley Fill Impacts Report
Report: 
http://yosemite.epa.gov/sab/sabproduct.nsf/02ad90b136fc21ef85256eba00436459/ACD3A1AF5C7138E
785257625006C891E/$File/Effects+of+Mountaintop+Mines+and+Valley+Fills+on+Aqua+Eco+of+the+Ce
ntr+Appal+Coalfields+Ext+Rev+Dr.pdf

Draft SAB Comments:
http://yosemite.epa.gov/sab/sabproduct.nsf/02ad90b136fc21ef85256eba00436459/C96A8AB60CC69873
852577AE004A8415/$File/SAB+MTM-VF+Aquatic+Effects+letter-9-28-10+Draft.pdf

Pond et al. 2008
http://yosemite.epa.gov/sab/SABPRODUCT.NSF/81e39f4c09954fcb85256ead006be86e/73EFD038CD5
705AC852577AE004B972C/$File/Conductivity+Report+Draft+Sep+28.pdf

Pond et al. 2010

Gregory Peck 12/09/2010 02:45:45 PMMatt - Can you help me with electronic versions...

From: Gregory Peck/DC/USEPA/US
To: Matthew Klasen/DC/USEPA/US@EPA
Cc: Denis Borum/DC/USEPA/US@EPA
Date: 12/09/2010 02:45 PM



Subject: Fw: Meeting with House T&I Staff

Matt - Can you help me with electronic versions of the key conductivity materials, including the ORD 
studies - thanks  ( I think John said he had already seen the Pond Report)

----- Forwarded by Gregory Peck/DC/USEPA/US on 12/09/2010 02:43 PM -----

From: Denis Borum/DC/USEPA/US
To: Gregory Peck/DC/USEPA/US@EPA
Cc: Nancy Stoner/DC/USEPA/US@EPA, Arvin Ganesan/DC/USEPA/US@EPA
Date: 12/09/2010 02:42 PM
Subject: Meeting with House T&I Staff

Greg,

I spoke with Jon Pawlow about coming up to discuss mining issues.  While Jon is interested, he has been 
rather preoccupied since we saw him at the Coal Caucus Forum.  He has a particular interest in the 
conductivity issues and wants to get more up-to-speed on that before we set something up.

Were there specific documents that you had suggested or, perhaps, a web link(s) that can be shared to 
help his endeavor?  Thanks 

Denis

Denis R. Borum
Congressional Liaison Specialist
Office of Congressional and Intergovernmental Relations
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W. (MC-1301A)
Washington, D.C.  20460
(202) 564-4836  (phone)
(202) 501-1549  (fax)
borum.denis@epa.gov  (e-mail)
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Abstract Mayflies (Insecta: Ephemeroptera) are

common inhabitants of streams throughout the Appa-

lachian Mountains. Headwater mayfly assemblages

were evaluated with respect to regional landuse

disturbances (coal mining and residential) in eastern

Kentucky, USA. Estimates of mayfly taxa richness

and relative abundance were compared at 92 sites

represented by least-disturbed reference (REF;

n = 44), residential only (RESID; n = 14), mixed

residential and mining (MINED/RESID; n = 14), and

mining only (MINED; n = 20) landuse categories. A

total of 48 species from 27 genera and 9 families were

identified; Ephemerella, Epeorus, Ameletus, Cinyg-

mula, and Paraleptophlebia comprised the core 5

genera most frequently encountered at REF sites.

These same genera (among others) were often reduced

or extirpated from other landuse categories. Mean

mayfly richness and relative abundance were signif-

icantly higher at REF sites compared to all other

categories; MINED sites had significantly lower

metric values compared to RESID and MINED/

RESID sites. Relative mayfly abundance was most

strongly correlated to specific conductance (r = 0.72)

compared to total habitat score (r = 0.59), but

relationships varied depending on landuse category.

Non-metric multidimensional scaling (for mayfly

taxa) and principal components analysis (for environ-

mental variables) separated REF sites strongly from

most other sites. The results indicate that expected

mayfly communities are disappearing from streams

where mining disturbance and residential develop-

ment has occurred and because of the long-term

impacts incurred by both landuses, recovery is

uncertain.

Keywords Ephemeroptera � Bioassessment �
Appalachian � Headwater streams �
Coal mining � Urbanization � Conductivity

Introduction

Mayflies (Insecta: Ephemeroptera) have long been

recognized as important indicators of stream health.

Because of their sheer ubiquity and abundance in

natural streams of the Appalachian Mountains, may-

flies justifiably represent a component of the aquatic

life that water quality regulations intend to protect.

Analogous to the loss of other indigenous organisms

from streams due to environmental stress (e.g., those

receiving considerable public attention such as trout

or bass), many mayflies are increasingly at risk from

human disturbance in the Appalachians and show

patterns of extirpation from streams disturbed by

particular landuses.
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Mayflies are found in a variety of aquatic systems

ranging from vernal ponds to lakes and streams to

estuaries (Barber-James et al., 2008). However, they

reach their greatest diversity and abundance in rocky

headwater streams. Morse et al. (1997) reported a

total of 238 species from 63 genera and 16 families in

the southeastern U.S. In the Appalachian Mountains

of NC and SC, states that share many species with

KY, Morse et al. (1997) reported 124 species of

mayflies while Parker et al. (2007) recorded 124

species from the Great Smoky Mountain National

Park (on the TN/NC border) alone. Kondratieff

(2000) tentatively listed 109 species from KY but

this state has not been thoroughly surveyed at the

species level (Randolph & McCafferty, 1998). In

general, lotic mayflies have been the subject of many

freshwater biomonitoring studies ranging from

empirical field observations (e.g., Brittain & Saltveit,

1989; Wallace & Gurtz, 1986; Moog et al., 1997) to

controlled toxicological experiments (e.g., Goetsch &

Palmer, 1996; Chadwick et al., 2002; Kennedy et al.,

2003; Beketov, 2004; Hassell et al., 2006; Brinkman

& Johnston, 2008). Ephemeroptera also fill important

trophic roles in stream ecosystems, as displayed by

their diverse functional feeding group designations.

Their contribution to the overall structure and func-

tioning of stream ecosystems has evoked calls for

regional or global conservation (Morse et al., 1997;

Barber-James et al., 2008)].

Bauernfeind & Moog (2000) established an

approach to using Ephemeroptera in the assessment

of ecological integrity in Central Europe while other

researchers have used particular mayfly families (e.g.,

Baetidae; Buss & Salles, 2007) or assemblages (Moog

et al., 1997; Courtney & Clements, 2000) as indicators

of stream degradation. Previous studies from the

Appalachian region revealed strong negative impacts

to Ephemeroptera from surface coal mining in West

Virginia (Chambers & Messer, 2000; Hartman et al.,

2005; Merricks et al., 2007; Pond et al., 2008). Acidic

deposition has also affected benthic communities in

streams throughout the region (Herlihy et al., 1998;

McClurg et al. 2007). Localized urbanization effects

on benthos in headwater streams are commonly

reported (Paul & Meyer, 2001; Cuffney et al., 2005;

Blakely et al., 2006; Smith & Lamp, 2008), but few

studies have focused on water quality and loss of taxa

associated with rural residential landuse issues in the

Appalachian coalfields (see Green et al., 2000;

Soucek, 2001). I evaluated data from 92 headwater

streams in the Appalachian Mountains of Kentucky to

explore and describe regional patterns of diversity and

distribution of lotic Ephemeroptera in relation to two

common and pervasive stressors: coal mining and

rural residential landuses.

Materials and methods

Study area

The Appalachian Mountains of eastern Kentucky

encompass three distinct Level III ecoregions (Fig. 1;

Southwestern Appalachian, Central Appalachian, and

Allegheny Plateau; Woods et al., 2002) and are

characterized by highly dissected terrain with diverse

forest types, geology, and climate. Elevation of the

region ranges from *150 m in river valleys to

[1,000 m on ridges. Within the study area, bedrock

geology is mostly sedimentary and consists of

interbedded sandstones, siltstones, shale, and coal

(Woods et al., 2002), and the dominant vegetation is

part of the temperate, mixed-mesophytic forest

classification (Braun, 1950). Common tree species

found along least-disturbed streams include eastern

hemlock, beech, maples, oaks, hickories, basswood,

buckeye, and yellow polar. Common shrubs include

spicebush, witch hazel, pawpaw, rhododendron,

hydrangea, and ironwood. Headwater streams in this

Fig. 1 Generalized map of study area showing level 3

ecoregion designations (after Woods et al., 2002) in eastern

Kentucky. Boxes represent sampling areas and number of sites

per area. West Allegh Western Allegheny Plateau, Cen App
Central Appalachians, SW App Southwestern Appalachians
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region are cool and dilute (i.e., low dissolved solids)

and typically flow through constrained valleys with

relatively high gradients and have boulder cobble

substrates. Precipitation patterns are generally uni-

form throughout the study region (Woods et al.,

2002). With regard to headwater macroinvertebrates,

community structure is relatively uniform in this

bioregion (Pond and McMurray, 2002) but distinct

from other ecoregions in Kentucky (see Pond et al.,

2003).

Data for this study were filtered from the Kentucky

Department for Environmental Protection (KYDEP)

ecological database; sites were compiled from mod-

erately high gradient (*2 5%), cobble boulder

dominated 1st 3rd order streams that were sampled

throughout the Eastern KY coalfield region. Regional

landuse stressors include coal mining, residential

development, logging, oil and gas drilling, and light

agriculture (e.g., pasture and row crops). Surface coal

mining and residential landuses are currently the

most common and long-term stressors to headwater

streams in the Appalachian region of KY. Surface

mining occurs on steep slopes and narrow ridges

where headwater valleys are used for overburden and

spoil disposal. In contrast, residential landuse occurs

within the riparian corridor because of topographic

limitations in these narrow valleys.

Site selection

As part of Kentucky’s routine monitoring program,

92 Appalachian headwater streams (defined herein as

sites draining \10 km2) were sampled once for

macroinvertebrates in the spring (late-Feb late

May), spanning a 5 year period (1999 2004).

Spring-time sampling often yields the most taxa and

abundance in Appalachian headwater streams (KDEP

unpub. data). A 100-m sampling reach was estab-

lished in ‘‘typical’’ or ‘‘representative’’ segments of

each stream. This meant that sites were situated in

relatively natural channels free from direct influences

of bridges, culverts, dredging, or artificial substrates.

Although the majority of ‘‘reference’’ sites (REF;

total n = 44) were located within state research

forests, state parks, and the Daniel Boone National

Forest, many of the watersheds had some mild

disturbance associated with past logging (i.e., most

REF sites drained second and third growth forest),

roads, and gas wells and thus were not considered

‘‘pristine’’. In fact, REF watersheds were ravaged by

clearcut logging and steep slope agriculture in the

early twentieth century.

Efforts were also made to sample a gradient of

more recent disturbances and to categorize sites into

different landuse or stressor types in the presumed

absence of other stressors. Since digitized landcover

in the watershed was not sufficiently accurate for

quantification in these small watersheds (i.e., out-

dated or misinterpreted), site classification was

accomplished by examining aerial photos, topo-

graphic maps, mining permit information, number

of houses upstream of sample reaches, and actual

conditions in the field. Sites with coal mining only

(MINED; n = 20), rural residential only (RESID;

n = 14), or mixed mining and residential landuse

(MINED/RESID; n = 14) were used as grouping

variables to document patterns of mayfly distribution.

This generalized classification scheme assured a

sufficient number of sites for group-type analysis.

Sites were excluded from the dataset if they explicitly

failed to meet these individual landuse scenarios

(e.g., other commercial/industrial, agriculture). Over-

all, streams were small but perennial, with catchment

areas that averaged 3.1 km2 at REF sites, 2.6 km2 at

MINED sites, 3.9 km2 at RESID, and 5.9 km2 at

MINED/RESID.

Despite natural variation in precipitation across

sampling years, seasonal flows were ample and

considered normal at the time of all spring collec-

tions. Nearly � of the sites were sampled in 2000 (all

landuse categories), the spring following both 1998

and 1999 summer and fall droughts (NOAA, 2009). It

was thought that some REF sites could have dried

during the summer of 1998 and 1999. However,

spring 1999 and 2000 samples were collected during

typical spring flows and showed abundant macroin-

vertebrate populations at sites. Green et al. (2000)

sampled benthos in headwater streams in WV and

noted that this drought affected their summer and fall

samples, but not their spring samples. Spring 2001

precipitation was slightly below average but stream

discharge was good at the time of sampling and sites

yielded typical abundance values of macroinverte-

brates. All other sample events occurred when

proceeding months experienced normal amounts of

rainfall (NOAA, 2009). For these reasons, hydrolog-

ical condition at the time of sampling was considered

to be similar across all sites and years.
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Although acid mine drainage (AMD; pH \ 5) is

also present throughout much of this region, I

selected non-AMD, alkaline streams because AMD

often eliminates all benthic organisms and these data

would, therefore, be less useful for making mayfly

assemblage comparisons. All MINED sites were

relatively alkaline (pH [ 7) and most located several

hundred meters downstream of mountaintop mining

areas with headwater valleyfills (mining methods

detailed in Slonecker & Benger, 2002); a few

MINED sites contained only contour mining opera-

tions [20 years old. RESID sites had [5 houses

upstream of the 100 m sample reach and paved or

gravel roads often paralleled or crossed streams.

Some RESID and MINED/RESID sites had relatively

high housing density ([60 houses/linear km) within

the upstream corridor. These same streams’ uplands

were[90% forested. In eastern KY, steep terrain and

narrow valleys limit upland residential development

and most roads and houses are located in valleys and

within the riparian corridor. In contrast, many

MINED sites had mostly forested stream corridors

near the sampling reach but very little or no forest in

the adjacent uplands and extreme headwaters where

mountaintop mining and valley filling occurred. Sites

downstream of MINED/RESID had a mix of upland

and riparian disturbance with surface mining and [5

houses upstream of the sampling reach. In terms of

streamside vegetation, RESID and MINED/RESID

sites commonly had exotic multiflora rose, Japanese

and tartarian honeysuckle, and Japanese knotweed

along their banks.

Sample collection

Mayflies were collected through riffle kicknet sam-

pling with a 0.5-m wide, 595 lm mesh net supple-

mented by multihabitat samples following KYDEP

standard operating procedures (KYDEP, 2008). These

techniques are used by KYDEP for statewide moni-

toring and assessment of macroinvertebrate commu-

nities in streams and rivers. Briefly, four 0.25 m2

samples were collected in cobble riffles from a 100-m

sampling reach and composited into a 1-m2 sample.

Care was taken to position individual kicknets in

similar substrate and current velocities across all sites

to minimize these important factors’ influence on

benthos distribution. The standardized-effort multi-

habitat samples were composited from leafpacks, root

and bank D-net sweeps, and hand-picking large

boulders, and woody debris. In the laboratory, entire

picks of the 1-m2 sample, and multihabitat collections

were done, but for analytical purposes, only the riffle

sample was quantified for this study; new taxa

collected in the multihabitat sample were simply

added for richness and presence/absence comparisons.

All mayflies were identified to the species level but

this proved difficult for some samples that had early

instar or damaged specimens. For comparisons across

landuse categories, mayflies were collapsed to the

genus level in the database.

Co-occurring habitat and chemical data collection

included the Rapid Bioassessment Protocol Habitat

Assessment (RBP habitat scores after Barbour et al.,

1999), and in situ physicochemical measurements

(pH, specific conductance, dissolved oxygen, and

temperature). The RBP habitat assessment evaluates

important habitat components such as epifaunal

substrate quantity and quality, embeddedness, veloc-

ity/depth regimes, sediment deposition, channel flow

status and channel alteration, stream bank stability,

bank vegetation protection, and riparian zone width.

Each component was scored on a 20-point scale with

a total possible summed score of 200. At few sites, a

nearly full suite of chemical analytes (e.g., metals and

nutrients) were measured from grab samples taken at

the time of benthic sampling but were only used for

site-specific interpretations.

Data analysis

A combination of multivariate (ordination) and

bivariate (Spearman correlation, scatterplots, box-

plots) techniques were used to explore patterns of

mayfly distribution among the disturbance categories

(grouped as REF, RESID, MINED/RESID, and

MINED). Mayfly metrics included mayfly richness,

mayfly relative abundance (% mayflies), and total

proportion of mayfly taxa to total taxa richness. A

nonparametric Kruskal Wallis 1-way analysis of

variance was used to test for differences in mayfly

richness and relative abundance estimates across

landuse categories and paired Mann Whitney U-tests

were done to compare means between each pair of

categories. Ordination was accomplished with non-

metric multiple dimensional scaling (NMS; PC-ORD

v. 4.25, McCune & Mefford, 1999) using the Bray

Curtis similarity coefficient (Bray & Curtis, 1957;
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McCune & Grace, 2002) based on log10 (x ? 1)

abundances. The data were computed with 225

iterations, 40 real runs, and 50 randomized runs.

Disturbance groups were also compared with the

nonparametric multi-response permutation procedure

(MRPP; PC-ORD v. 4.25, McCune & Mefford, 1999)

to determine if mayfly assemblage distance differed

between disturbance categories. Here, ranked Soren-

son distances from the 92 sites were used to test the

hypothesis of no difference among categories. MRPP

produced an A-statistic, which compared observed

versus expected within-site homogeneity based on the

distance matrices (positive A-values indicate higher

within-site homogeneity than expected by chance,

i.e., differences in invertebrate composition between

sites) and a P value indicating statistical significance.

In order to explore environmental differences in

landuse categories, a principal components analysis

(PCA; MVSP v. 3.1, Kovach Computing, London)

was performed on log10 (x ? 1) transformed envi-

ronmental variables from 80 of the 92 sites. Twelve

sites (4 REF, 3 RESID, 2 MINED/RESID, and 3

MINED) were not analyzed because of missing data

(e.g., failed D.O., conductivity, or pH sensor at the

time of sampling); PCA requires a symmetric dataset

with no missing values. Refer to Table 2 for list of

environmental variables analyzed. In order to test for

differences in environmental variables between land-

use types, Mann Whitney U-tests were performed. A

non-parametric changepoint analysis using the devi-

ance reduction method (R Development Core Team,

2009) was run to determine potential breakpoints or

thresholds in environmental mayfly relationships. In

order to determine uncertainty around the mean

changepoint, 90% confidence intervals were gener-

ated by bootstrap resampling with replacement (1,000

iterations).

Results

Environmental comparisons

Summary statistics for environmental variables are

shown in Table 1. Temperature and D.O. (at the time

of sampling) did not differ across all landuse

categories (Mann Whitney U-tests; P \ 0.05). Spe-

cific conductance and pH were significantly lower

(Mann Whitney U-tests; P \ 0.05) at REF sites

(mean = 51 lS/cm and 6.8 S.U., respectively) than

all other disturbed categories. Similarly, RESID sites

had significantly lower specific conductance

(mean = 242 lS/cm) than MINED (mean = 940

lS/cm) and MINED/RESID (mean = 585 lS/cm)

but no difference was detected between MINED and

MINED/RESID sites (P [ 0.05). Furthermore, no

differences were found in pH among the three

disturbance categories (P [ 0.05). Measures of sed-

imentation (i.e., embeddedness and sediment deposi-

tion scores), riparian zone width, and bank vegetation

cover within the three disturbance categories were

significantly different from REF sites, but differences

between the disturbance types were not significant

(P [ 0.05).

The PCA exhibited strong separation of REF sites

from the bulk of the other three landuse categories

(Fig. 2). Axis 1 accounted for nearly 40% of the

variance (eigenvalue = 4.7) while axis 2 accounted

for only 11.4% (eigenvalue = 1.4). Table 2 shows

factor coefficients for environmental variables and

indicate that most of the habitat metrics, pH, and

specific conductance contributed strongly to the

ordination. Riffle embeddedness score and epifaunal

substrate score had the highest coefficients (0.81) on

axis 1. Temperature and D.O. did not greatly contrib-

ute to the ordination but they were measured only once

at each site (these two parameters are typically the

most variable measurements in stream datasets and so

more data would be needed to evaluate their effects).

Mayflies encountered in headwater streams

Springtime collections from the 92 headwater sites

yielded a total of 12,640 mayflies representing 48

distinct mayfly taxa from 27 genera, and 9 families.

Headwater mayfly assemblages in REF streams were

dominated by ephemerellids (chiefly Ephemerella

and Drunella), heptageniids (mostly Epeorus and

Cinygmula), the ameletid mayfly, Ameletus, and the

leptophlebiid (Paraleptophlebia). A list of all taxa

and their mean abundance at sites within each

landuse category is shown in Table 3. I chose to

report mean abundance of individual mayfly genera

because median abundance was zero for most taxa

within the three disturbed categories. The relative

frequency (presence/absence) of taxa observed by

landuse category is shown in Fig. 3. The greatest

disparity in mayfly presence/absence (i.e., reduction
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in proportion of sites where taxon was observed

compared to REF) was seen with several key taxa:

Ephemerella, Ameletus, Epeorus, Cinygmula, and

Paraleptophlebia. For example, Epeorus was col-

lected at 41 of 44 REF sites (93%) but was absent

from 19 of 20 (95%) MINED sites. A few mayflies

which were not typical of REF headwater streams

(Fig. 3) were found more frequently at RESID and

MINED/RESID sites (e.g., Isonychia and Caenis).

Richness and abundance across Landuse

categories

The average proportion of mayfly richness to total

benthic taxa richness in the sample was 20% at REF

sites, 17% at RESID sites, 14% at MINED/RESID

sites, and 6% at MINED sites. Mayfly relative

abundance (% mayflies, Fig. 4A) and mayfly richness

(Fig. 4B) differed across landuse categories. Com-

pared to REF, % mayflies and mayfly richness were

significantly reduced in RESID, MINED/RESID, and

MINED categories (Kruskal Wallis, P \ 0.0001)

although a few sites within each of these categories

yielded similar types and numbers of mayflies as the

least-disturbed reference sites. MINED streams had

significantly lower % mayflies and mayfly richness

than any other category (Mann Whitney U-tests,

P \ 0.02). RESID and MINED/RESID did not

statistically differ in % mayflies (Mann Whitney

U-test, P = 0.49) or mayfly richness (Mann Whitney

U-test, P = 0.32). In KY, the fifth percentile of the

REF distribution for biological condition represents a

Fig. 2 Principal components analysis ordination for subset of sites. Based on 40 REF sites, 11 RESID sites, 12 MINED/RESID sites,

and 17 MINED sites
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threshold for determining attainment of ALU using

multimetric indices (e.g., Index of Biotic Integrity).

Using this same benchmark approach, the degree of

departure of mayfly metrics from REF conditions

indicated that the majority of sites in each disturbed

category fell far below the calculated threshold. For

mayfly abundance (threshold = 21%), 71% of

RESID, 75% of MINED/RESID, and 90% of MINED

sites fell below the threshold. For richness (threshold

= 6 genera), 64% of RESID, 73% of MINEDRESID,

and 90% of MINED sites fell below the threshold.

Mayfly relative abundance was more strongly

correlated to specific conductance (Fig. 5A; r =

0.72) compared to the total RBP habitat score

(Fig. 5B; r = 0.59). A strong threshold-type response

relationship between % mayflies and increasing

specific conductance was seen where significant loss

of mayflies occurred when specific conductance was

[175 lS/cm (changepoint analysis; lower 90%

CL = 124 lS/cm, upper CL = 336 lS/cm). Those

MINED sites having relatively high % mayflies had

corresponding low to moderately elevated specific

conductance (Fig. 5A) or had high numbers of

facultative mayflies such as Baetis.

For all pairs of site habitat scores and % mayflies,

(Fig. 5B), the changepoint analysis returned a habitat

score of 145 (lower 90% CL = 139, upper 90%

CL = 151) at which point mayflies were significantly

greater above this score. Habitat score did not

significantly account for loss of mayflies within the

MINED category (r = 0.39, P [ 0.05). At RESID

sites, % mayflies was significantly related (P \ 0.05)

to total RBP habitat scores (r = 0.56) but not at

MINED/RESID sites (r = 0.38, P [ 0.05). Other

habitat metrics that were relatively strongly correlated

to % mayflies across all sites included embeddedness

score (r = 0.62) and epifaunal substrate score

(r = 0.65). Although % mayflies varied among REF

sites (Fig. 4A), there was no clear indication that this

metric was significantly (P [ 0.05) related to stream

size (catchment area; r = 0.02), geography (latitude,

r = -0.23; longitude, r = -0.19), seasonality (julian

day for spring index period; r = 0.19), habitat quality

(r = 0.06), specific conductance (r = -0.17), or pH

(r = 0.21). Furthermore, mayfly richness at REF sites

was not related to total number of individuals in the

sample (r = 0.12, P = 0.43).

Ordination of the Mayfly assemblage

A 3-dimensional solution was recommended by the

software with a final stress of 14.8%. NMS axis 1

accounted for 44% of the variance compared to axis 2

(27%) and axis 3 (20%). REF sites were fairly well-

clustered in 2 dimensional ordination space while

assemblages among the three landuse categories were

more spaced apart (Fig. 6). Mayfly genera most

strongly associated with REF sites plotting positively

along NMS axes 1 and 2 included Ephemerella,

Drunella, Cinygmula, Epeorus, and Ameletus. Facul-

tative and tolerant mayflies negatively associated

with axes 1 and 2 were Caenis, Baetis, Isonychia, and

Stenonema. No clear pattern of mayfly assemblage

structure was observed for the three landuse catego-

ries, however, nearly half of the mined sites could not

be ordinated because they contained no mayflies.

The separation of sites in NMS ordination space,

grouped by landuse disturbance categories, was signif-

icant based on the MRPP (A = 0.190, P \ 0.0001).

Comparatively, REF within-site similarity was signif-

icantly higher than RESID (A = 0.104, P \ 0.0001),

MINED/RESID (A = 0.148, P \ 0.0001), and MINED

(A = 0.124, P \ 0.0001). RESID and MINED sites

Table 2 Principal components analysis eigenvalues, percent

variance explained, and factor coefficients of environmental

variables for 3 axes

Axis 1 Axis 2 Axis 3

Eigenvalues 4.74 1.36 1.24

Percentage 39.48 11.43 10.32

Cumulative percentage 39.48 50.91 61.23

Embeddedness score 0.81 0.01 0.29

Epifaunal substrate score 0.81 0.31 0.02

pH 20.79 0.10 20.24

Bank vegetation score 0.76 20.19 20.35

Channel alteration score 0.75 0.16 20.36

Riparian zone width score 0.74 20.11 20.31

Sediment deposition score 0.69 20.07 0.23

Specific conductance 20.63 20.04 20.39

Velocity/depth regime score 0.45 0.60 0.18

Bank stability score 0.40 20.66 20.14

Temperature 20.04 0.16 0.40

Dissolved oxygen 0.12 0.10 20.34

Based on 40 REF sites, 11 RESID sites, 12 MINED/RESID

sites, and 18 MINED sites conforming to the symmetric

environmental dataset. Bolded values are significant (P \ 0.05)
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were also significantly dissimilar, albeit much weaker

(A = 0.07, P \ 0.01). However, mayfly assemblages

were indistinguishable between RESID sites and

MINED/RESID sites (A = -0.007, P = 0.54) and

between MINED/RESID sites and MINED sites

(A = 0.002, P = 0.21).

Discussion

During the spring season, mayflies naturally represent

*25 50% of the total abundance and account for

*1/5th of all taxa collected from headwater riffle

samples in relatively undisturbed reference streams in

the Appalachian Mountains (this study; Pond et al.,

2008), they contribute considerable biodiversity to

regional streams (Morse et al., 1997), and they are

highly sensitive to environmental degradation. For

these very reasons, Ephemeroptera are of critical

importance and serve to indicate levels of human

disturbance in streams. Water pollution protection

laws were written to protect indigenous aquatic life

such as sensitive mayflies. States and tribes in the

U.S. are required under the U.S. Clean Water Act to

designate aquatic life uses (ALU) and to establish

water quality standards (WQS; narrative and numeric

Table 3 Mean number of mayfly individuals per sample (by genus) across all landuse categories

REF RESID MINED/

RESID

MINED Species observed

(n 44) (n 14) (n 14) (n 20)

Ameletidae Ameletus 42.0 13.3 1.3 1.5 A. lineatus, A. spp.

Baetidae Acentrella 12.4 3.4 6.9 3.6 A. ampla, A. turbida, A. spp.

Baetidae Acerpenna 0.1 3.6 0.0 0.0 A. macdunnoughi, A. spp.

Baetidae Baetis 6.4 0.8 16.2 1.2 B. brunniecolor, B. flavistriga, B. intercalaris, B.
tricaudatus, B. spp.

Baetidae Centroptilum X X X 0.0 C. sp.

Baetidae Diphetor 1.0 0.0 0.0 0.0 D. hageni

Baetidae Plauditus 1.8 0.2 0.0 1.7 P. dubius, P. spp.

Baetidae Procloeon X 0.0 X 0.0 P. sp.

Baetiscidae Baetisca X 0.0 0.0 0.0 Baetisca lacustris

Caenidae Caenis 0.0 2.6 5.9 0.0 C. latipenis, C.spp.

Ephemerellidae Drunella 12.0 2.9 1.1 2.5 D. cornuta, D. cornutella, D. spp.

Ephemerellidae Ephemerella 68.8 13.3 11.8 8.0 E. aurivillii, E. dorothea, E. rotunda, E. spp.

Ephemerellidae Eurylophella 1.8 1.5 0.6 0.1 E. bicolor, E. funeralis, E. spp.

Ephemerellidae Serratella 0.4 0.0 0.0 0.0 S. deficiens

Ephemerellidae Timpanoga 0.1 0.0 0.0 0.0 T. simplex

Ephemeridae Ephemera 0.5 0.0 0.0 0.3 E. guttulata, E. simulans, E. spp.

Heptageniidae Cinygmula 30.8 3.6 0.0 1.8 C. subaequalis

Heptageniidae Epeorus 37.7 0.9 0.8 0.5 E. dispar, E. namatus, E. pleuralis, E. spp.

Heptageniidae Heptagenia 0.0 0.0 0.7 0.0 H. flavescens

Heptageniidae Leucrocuta 0.8 0.0 0.0 0.3 L. aphrodite, L. juno, L. thetis, L. spp.

Heptageniidae Mccaffertium 4.1 3.0 X 0.0 M. ithica, M. meririvulanum, M. vicarium, M. spp.

Heptageniidae Stenacron 1.1 X X 0.0 S. candidum, S. carolina, S. gildersleevi, S.
interpunctatum, S. minnetonka, S. pallidum

Heptageniidae Stenonema X 0.9 1.4 0.0 S. femoratum

Isonychiadae Isonychia 0.1 2.4 1.5 2.7 I. spp.

Leptophlebiidae Habrophleboides 0.0 0.0 0.0 X H. americana

Leptophlebiidae Habrophlebia 0.1 0.0 0.0 0.0 H. vibrans

Leptophlebiidae Paraleptophlebia 15.0 0.6 0.3 X P. ontario, P. guttata, P.spp.

X Taxon found only in qualitative sampling
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criteria for pollutants or conditions) to protect the

aquatic life inhabiting the waterbodies within their

jurisdiction. There are few states that have promul-

gated numeric biological criteria for ALUs based on

macroinvertebrates or fish; most rely on the use of

biological data to translate narrative statements that

serve as formal criteria in their WQS.

In Kentucky headwater streams, mayflies

responded negatively to two pervasive landuses, rural

residential development, and surface coal mining.

Fig. 3 Relative frequency (%) of occurrence for all mayfly genera across all landuse categories

Fig. 4 Boxplots of relative

abundance (%) of mayflies

(A) and mayfly species

richness (B) among landuse

categories. Letters beside

individual categories show

results of Mann Whitney

U test where matching

letters indicate no

significant difference

(P \ 0.05). Box lines
contain lower and upper

quartiles and median;

whiskers represent range

excluding outliers (asterisks
and open circles)
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Absence of mayflies certainly translates to impair-

ment of the ALU based on Kentucky narrative WQS,

especially when the impairment is linked to specific

chemical narrative criteria. For example, the Ken-

tucky regulatory narrative standard (KYDEP, 2007)

for ionic strength states that: ‘‘…conductivity shall not

be changed to the extent that the indigenous aquatic

community is adversely affected.’’ This WQS would

apply and might be exceeded in particular streams

where wholesale loss of common mayfly genera from

MINED sites with highly elevated conductivity was

observed. Until recently, there has been little focus on

ionic stress-type criteria for waters within Appala-

chian states (Bodkin et al., 2008).

Landuse induced effects on Mayfly Loss

A recent review by Weijters et al. (2009) on

catchment disturbance and biodiversity indicated that

a 10% reduction in natural catchment landcover

results in a 6% loss of native species; and 50%

reduction results in a 25% loss of Ephemerop-

ter ? Plecoptera ? Trichoptera (EPT) taxa. Land

use area changed by surface mining in small Appa-

lachian catchments frequently totals 25 75% of the

contributing catchment but often results in wholesale

extirpation (*100% reduction) of sensitive mayflies.

Much of the land cover change due to surface mining

in Appalachia is in the loss of spatially defined

‘‘interior’’ forest (Wickham et al., 2007), a more

ecologically sensitive forest type compared to

generalized forest landcover. However, the loss of

taxa also depends more on the exceptionally high

chemical loading to the receiving water than on the

total area of watershed disturbed (Hartman et al.,

2005; Pond et al., 2008). As with acid mine discharge,

toxicity of alkaline surface mining effluent to some

mayflies might result from exposure to or ingestion of

trace heavy metal compounds (Clements et al., 1992;

Clements 1994, 2004), or from interference with

osmoregulation (i.e., gill function and respiration) by

the rapid increase in conductivity and component ions

(Kennedy et al., 2003). Some mayflies found in this

study appeared to be less sensitive to increases in ionic

strength (e.g., Baetis, Isonychia, and Caenis).

Although Pond et al. (2008) did not find strong

correlations of mayfly abundance and richness with

mining-related trace metals in the water column

(except Se), they state that possible exposure to

metals through dietary uptake (Buchwalter & Luoma,

2005; Buchwalter et al., 2007) or potential microhab-

itat smothering by metal hydroxide precipitate (U.S.

Environmental Protection Agency, 2005) or iron

bacteria blooms (Wellnitz et al., 1994) could not be

ruled out. Analyses from WV mining areas (Hartman

et al., 2005; Merricks et al., 2007; Pond et al., 2008)

indicated that the decline of mayflies from mountain-

top mining correlates most strongly to specific

conductance. However, Pond et al. (2008) showed

that all individual anions and cations except for

Na and Cl were strongly related to mayfly metrics

in mined watersheds in the Central Appalachian

ecoregion. While increased SO4 concentration is

most popularly associated with coal mining activities,

Fig. 5 Scatterplot of % mayflies vs. specific conductance (A)

and % mayflies vs. total RBP habitat score (B) among landuse

categories. Solid vertical lines represent mean changepoint;

dashed vertical lines represent 90% confidence interval
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other potentially toxic ions (e.g., Mg or HCO3; after

Mount et al., 1997) are highly elevated downstream

of Appalachian coal mining operations (Bryant

et al., 2002). The ionic makeup of mined water-

sheds in the Appalachian coalfields is relatively

consistent and predictable with four principal ions:

SO4 [ HCO3 [ Ca & Mg; K, Na; and Cl are only

slightly elevated from surface coal mining (Wunsch

et al., 1996; Bryant et al., 2002; Pond et al., 2008).

Clearly, further research on the mechanisms of mayfly

ionic toxicity, including individual ion or synergistic

effects, is warranted.

Mayflies were also affected by habitat degradation

(total RBP habitat score) when compared across all

sites, but not significantly within the MINED cate-

gory. Similarly, Pond et al. (2008) found only weak

relationships between mayfly metrics and RBP

habitat parameters downstream of mined Central

Appalachian headwater streams in WV. This suggests

that degradation of water quality and the resultant

increases in specific conductivity, component ions,

and trace metals limit aquatic life regardless of

habitat quality. This has implications for the use of

natural channel design as a stream restoration tool in

these regions where full attainment of the aquatic life

use is the goal of the restoration. Streams with highly

degraded water quality will not fully attain their ALU

by restoring physical habitats alone, and thus stream

restoration following a ‘‘Field of Dreams Hypothe-

sis’’ approach (e.g., Bond & Lake, 2003; Hughes,

2007) will probably not succeed in mining- or urban-

impacted streams where water quality drives the

structure of invertebrate assemblages. Hence, the first

obvious step in rehabilitating streams in this region

Fig. 6 Nonmetric

multidimensional scaling

ordination for riffle samples

at sites having 1 or more

mayfly taxa. Percent of the

variance explained by each

axis shown in parentheses
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should be to control water quality associated with

discharge from mining and residential landuses.

Cuffney et al. (2005) reported that nearly all

genera of mayflies were extirpated from high

intensity urban streams in three separate geographic

areas of the USA and proposed urban-tolerance

values for many benthic taxa. ‘‘Urban’’ intensity

varied in my study, but most RESID sites had low

intensity with only a scattering of houses upstream

of the sample reach. Soucek (2001) found that

urbanization effects on benthos were often worse

than mining effects in Appalachian streams of

Virginia; however, conductivity was relatively low

in his dataset, except where AMD occurred. The

loss of mayflies from some RESID sites that had

elevated nutrients or organic wastes could be due to

observed filamentous bacterial infestations. This

assumption is supported by field and laboratory

studies from Lemly (1998, 2000) that showed 100%

mortality of headwater mayfly taxa (e.g., Epeorus)

when their bodies were more than 25% covered in

the sewage-bacterium, Sphaerotilus. Lemly also

reported that even low to moderate increases in

nitrogen and phosphorus can stimulate blooms of

filamentous bacteria in normally nutrient-poor

stream systems in the Appalachian Mountains.

Although not quantified, Sphaerotilus infestations

were commonly observed on various taxa at RESID

and MINED/RESID sites. It is expected that RESID

and MINED/RESID sites had elevated nutrient

concentrations where improper on-site wastewater

treatment systems (i.e., poorly designed septic

systems and ‘‘straightpipes’’) were common and

thus provided a plausible source of energy for

Sphaerotlilus infestations. In addition to the increase

in nutrients from residential landuse, discharge of

household chemicals and detergents directly into

streams can cause harm to aquatic organisms. Soapy

or oily discharges from gray-water ‘‘straightpipes’’

are commonly seen in small eastern KY streams.

Other likely pollutants from homes include oil,

grease, garbage, animal wastes, solvents, paint and

masonry wastes, detergents, and pesticides and

fertilizers. Hence, mayflies might be exposed to a

potpourri of potentially harmful chemicals in resi-

dential areas. Until recently, there has been very

little or no regulatory oversight on wastewater

issues for rural residential development in eastern

KY.

Recolonization potential and implications

for conservation

Both the timing and magnitude of disturbance events

structure benthic macroinvertebrate assemblages

(Wallace, 1990). Studies show that some Appala-

chian mayflies can quickly re-colonize habitats and

even increase in abundance following pulse-type

disturbances like clearcut or selective logging

(Haefner & Wallace, 1981; Stone & Wallace, 1998;

Kreutzweiser et al., 2005), catastrophic floods and

debris flows (Snyder & Johnson, 2006), or experi-

mental substrate disturbance (Reice, 1985). However,

some mayflies may be permanently extirpated from

streams where press-type disturbances like coal

mining and urbanization cause long-term habitat

modifications and incur unabated chemical stress to

downstream benthic communities. Nevertheless,

chronic effects (i.e., communities continue to display

differences in community structure compared to

reference or control sites) from any disturbance

might last for weeks to several decades (see Wallace,

1990). Data from Merricks et al. (2007) and Pond

et al. (2008) indicate that mayflies were still absent or

severely reduced in WV streams [15 years after

mining ceased.

Sustained impacts to these headwater streams

cause problems for re-colonization by indigenous

macroinvertebrate communities. In most Appalachian

surface mining situations, much of the intense

disturbance occurs at the stream origin and progresses

downstream, which means that few or no organisms

may be available to re-colonize the affected streams

through drift after elimination of the organisms by

physical disturbance or chemical toxicity. Aerial

dispersal from adjacent tributaries (if not impacted)

would be the only source of colonization but is likely

a slow process. By comparison, RESID sites usually

have intact uplands and the headwaters do provide a

source of colonization. This might partially explain

why some sensitive mayflies were not entirely

extirpated from RESID sites (i.e., they occurred as

transient, drifting propagules). Many aquatic insects

including mayflies have low lateral dispersal ability

and adults seldom fly more than 100 m perpendicular

to the stream channel (Griffith et al., 1998; Petersen

et al., 2004), but adult Baetis (an opportunist genus in

this region) have been reported up to 1 km from the

stream (Hershey et al., 1993).
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In the highly dissected terrain of the Appalachians,

headwater populations can become quickly isolated

when receiving streams are cumulatively being

degraded by increasing human disturbance. However,

if a network of headwater streams is intact, coloni-

zation of individual disturbed sites within the network

would presumably occur faster based simply on

proximity and a higher availability of propagules. In

such a network, downstream drift of larvae to the

confluence of a joining headwater stream could

potentially provide the adult stage an opportunity to

colonize an adjacent stream (Griffith et al., 1998) and

upstream longitudinal colonization might occur

through subsequent generations. Although Masters

et al. (2006) documented inter-basin transfer of adults

from forested sites to nearby acidified streams, they

suggested other factors such as stressor persistence

and insect mating or oviposition behavior could delay

recovery. Unfortunately, many reclaimed mined

lands are basically tree-less, as most companies have

revegetated large tracts of land with herbaceous

species, further prolonging recovery of stream com-

munities by fragmenting potential routes of insect

dispersal. Future research should focus on the tem-

poral and spatial influences on recolonization poten-

tial in streams disturbed by mining and rural

residential development in Appalachian watersheds.

Temporal and spatial scales of both natural and

anthropogenic disturbance types must be evaluated

before attempting to rehabilitate impaired waters. For

example, in Maryland, Smith & Lamp (2008)

detected significant urban impacts to headwater

benthos (including mayflies), they reported that

longitudinal position of individual reaches in relation

to urban landuse and proximity to their receiving

mainstem streams accounted for more variation than

direct habitat and chemical effects. Alexander (2007)

found that Ephemerella (a dominant genus in my

study) recolonization rates were decreased in defor-

ested Maryland headwaters following drought com-

pared to intact forested sites. However, data from

clearcut logging experiments in the southern Appa-

lachians have shown that while mayfly genera

densities shift, they are seldom extirpated from

logged reaches and might resume normal densities

in 5 10 years as canopy cover closes and food

resources shift back to pre-logging distributions

(Wallace & Gurtz, 1986; Wallace et al., 1988). This

is in strong contrast to many of the MINED sites in

KY where, despite similar logging intensity associ-

ated with the mining operation, most mayfly taxa

were completely eliminated from affected watersheds

and confirm chronic chemical disturbance due to coal

mining. These results coincide with relationships

between mayflies and increasing specific conductance

found in WV-mined catchments (Pond et al., 2008).

Conclusion

Based on abundance and frequency of occurrence, the

mayfly genera best represented in least-disturbed

eastern KY streams were Ephemerella, Ameletus,

Epeorus, Paraleptophlebia, and Cinygmula and form

the basic core taxa expected in healthy Appalachian

headwaters of KY. These genera were the most

sensitive to anthropogenic disturbance and are thus

appropriate for monitoring impacts in these systems.

Only two species encountered in this study (Epeorus

namatus and Leucrocuta thetis) are listed as region-

ally vulnerable. However, habitat fragmentation and

deforestation have been shown to lead to loss of

genetic diversity in some Ephemerella populations

(Alexander, 2007) and this scenario is probable for

other mayfly taxa. Barber-James et al. (2008) indi-

cated that while very few mayflies are globally ‘‘red-

listed’’ on the IUCN, it is because of a lack of

knowledge on most species distribution and ecology.

Of regional importance is the documented extirpation

of mayfly species, genera, and even families from

particular landuses and associated stressors (e.g.,

urbanization, mining, and acid rain) despite the

natural ubiquity, fecundity, and resiliency of most

Ephemeroptera, and existing laws to protect them.

Clearly, habitat and water quality factors play a role

in structuring the mayfly assemblages in Appalachian

headwater streams of KY. Specific conductance was

found to be an excellent predictor of mayfly abun-

dance and richness and should be monitored closely

in association with human disturbance and subse-

quent remediation efforts across the region. Because

of the enduring and widespread occurrence of

residential and mining influenced streams across the

Appalachian coalfields, preserving sufficient undis-

turbed watersheds in the immediate vicinity of these

disturbances is crucial to maintain regional and local

mayfly biodiversity by providing refugia, a potential

source for future recolonization, and to provide
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freshwater dilution for chemical stressors affecting

Appalachian headwaters.
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ABSTRACT 
 

Headwater streams comprise 60-75 percent of the total stream length and watershed area in the 
Mid-Atlantic region.  Due to their diverse and complex life histories and abundance in the Mid-
Atlantic Highlands, Stream Plethodontid salamanders are a potential biological endpoint to 
assess headwater impairment and degradation from contaminant exposure, especially where 
traditional species assemblages (macroinvertebrates, fishes) are poorly developed or absent.  In 
this study, we conducted salamander assemblage surveys of headwater sites and determined 
contaminant exposure in the highlands of Pennsylvania, Virginia, and West Virginia to assess 
potential effects of inorganic contaminant exposure on the salamander community, and potential 
risk of selenium and mercury to upper trophic level predators.  We conducted salamander 
surveys on 32 study areas and analyzed 182 salamander samples from 50 study areas.  Mean 
concentrations exceeded the respective toxicity reference values selected for salamanders at 
multiple study areas for selenium, mercury, aluminum, and copper.  Selenium concentrations in 
salamanders from study areas downstream of mining valley fills were significantly higher than 
study areas exposed to high air emissions or no reported emissions according to the USEPA 
Toxic Release Inventory.  The proportions of reference, intermediate, and impaired salamander 
assemblages are significantly different (p = 0.038) between study areas where selenium exceeds 
the toxicity reference value and those that do not.  The proportions of reference, intermediate, 
and impaired salamander assemblages are significantly different (p = 0.005) between study areas 
downstream of mining valley fills versus those exposed only to selenium air emissions 
deposition.  Selenium exceeded toxicity reference values at 11 study areas for Louisiana 
waterthrush, while one study area was below the toxicity reference value for northern water 
shrew.  Mercury toxicity reference values were exceeded at two study areas for waterthrush and 
at no study area for water shrew.  Our data indicate that selenium exposure may be a factor 
affecting headwater biota downstream of mining valley fills.  Our ecological risk assessment 
demonstrates that high-exposure risk scenarios with relevant receptors, particularly State-status 
species, should be considered in establishing aquatic selenium and mercury criteria that are 
protective of birds and mammals.  Our data substantiate the need to couple salamander sampling 
with fish sampling to monitor ecological health in headwater streams and to protect their 
complex aquatic and aquatic-dependent animal communities.   
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PREFACE 
This report summarizes salamander tissue analytical and population survey results performed for 
study areas located throughout Pennsylvania, West Virginia, and Virginia.  Questions, 
comments, suggestions, and data requests related to this report are encouraged.  Written inquiries 
should refer to Project ID:5f37/20035002 and be directed to: 
 

Kathleen Patnode 
U.S. Fish and Wildlife Service 

c/o U.S. EPA 
1060 Chapline St  Suite 303 
Wheeling  WV  26003-2995 
kathleen_patnode@fws.gov 
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I.  INTRODUCTION 

A. Background and Justification 

Small headwater streams are vital components of rivers. They are where water initially leaves the 
soil, enters the channel, and begins its journey downstream.  As a result of this close association 
with the surrounding landscape, headwaters are a critical source of water, food, natural 
sediments, and nutrients for lower stream reaches (Gomi et al. 2002). They also represent areas 
of potentially high geological and biological diversity, providing habitat for numerous species 
and natural communities (Meyer and Wallace 2001).   

Headwater streams comprise 60-75 percent of the total stream length and watershed area in the 
Mid-Atlantic region (Rocco et al. 2004).  In this region, many headwater watersheds are heavily 
forested; a majority of watersheds have at least 60 percent forest cover (based on 7-digit USGS 
Hydrologic Unit Code boundaries) (Jones et al. 1997).  Although these streams and their 
associated riparian areas play a major role in determining downstream water quality, and are 
vital habitat for terrestrial and aquatic species, relatively little effort has been made to include 
them in watershed pollution assessments.  Encompassing large surface areas, Mid-Atlantic 
headwater forests receive a significant proportion of atmospheric pollutant deposition from both 
local and distant air emission (emission) sources.  In addition, many Mid-Atlantic Highland 
headwaters overlay major coal deposits.  The practice of “valley filling,” or depositing mining 
overburden in headwater ravines, has physically affected salamander communities (Williams 
2003).  Water monitoring downstream of these valley fills has demonstrated that contaminants 
leach into headwater streams in some locations (Bryant et al. 2002).  However, the impact of 
these contaminants in headwater streams in the Mid-Atlantic has not been thoroughly 
investigated. 

Traditional methods of assessing aquatic ecosystem health using fish communities are often 
unsuitable for headwater streams, where flow or habitat often limits fish populations.  A suitable 
ecological indicator is needed for forested headwaters that could provide a reliable expression of 
environmental stress or change that can help scientists, managers, and policymakers document 
trends, establish priorities, and target restoration activities.  Stream Plethodontid salamanders are 
abundant and populations are stable and geographically widespread in the Northeast and Mid-
Atlantic (Stuart et al. 2004).  By virtue of their diverse and complex life histories, these 
salamanders are a potential biological endpoint to assess headwater impairment and degradation, 
especially where traditional species assemblages (macroinvertebrates, fishes) are poorly 
developed or absent.  In this study, we conducted salamander assemblage surveys of headwater 
sites and determined contaminant exposure in the highlands of Pennsylvania, Virginia, and West 
Virginia to assess the potential effects of contaminant exposure on the salamander community, 
and the potential risk of bioaccumulative contaminants to upper trophic level predators. 
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B. Mercury 

Emissions from coal-fired power plants are the largest identified contributor to atmospheric 
deposition of mercury in the United States (USEPA 1998).  Mercury emissions are related to the 
age of the power plant, as well as the volume and source of coal combusted.  Coal-fired power 
plants in Virginia, West Virginia, and Pennsylvania contribute nearly 17 percent of the 48 tons 
mercury/year emitted nationwide from coal-fired power plants and other mercury-emitting 
industries.  Under the U.S. Environmental Protection Agency (USEPA) Clear Skies Initiative, 
mercury emissions would be reduced to a 26-ton annual cap by 2010 with a national trading 
program, and a 15-ton presumptive annual cap in 2018 (USEPA 2002a).  Voluntary reduction 
encouraged under the Clear Skies Initiative will be undertaken while coal production from the 
Mid-Atlantic Highlands is expected to increase by 40 million tons and the contribution of coal 
combustion to electric power generation is likely to remain at 45 percent (USEPA 2002b).  
Details are lacking in the Clear Skies Initiative on expected mercury emission reductions in high 
deposition areas, and the biological impact reduction for this bioaccumulative substance.  
Existing mercury contamination and continued mercury deposition have ramifications for the 
Clean Water Act Section 303(d) Total Maximum Daily Load program, particularly in watersheds 
where mercury uptake to aquatic biota has already been documented (USEPA 2000a, Cherry et 
al. 2000). 

The highest deposition rates occur in the Ohio River valley and northeastern United States due to 
the location of sources and climate (e.g., high humidity).  High elevation areas receive significant 
mercury deposition that has resulted in fish consumption advisories in lakes, reservoirs and 
ponds (USEPA 1998). The relative contributions of local versus distant sources depend on 
numerous factors and remain a controversial issue. The USEPA does not consider atmospheric 
depositions to be a leading source of water quality impairment in streams and rivers.  However, 
research in the headwaters of Lake Champlain (Rea et al. 1996) demonstrates that measurement 
of mercury concentrations in precipitation underestimates the deposition of mercury in forests.  
Throughfall water (i.e., precipitation falling on leaves and running off onto the forest floor) had 
twice the concentration of mercury than rainwater.  In addition, mercury loading from litterfall 
(i.e., contaminated leaves depositing on the forest floor) was an order of magnitude greater than 
precipitation loading.  Further study in the same area (Scherbatskoy et al. 1998) demonstrated 
that forests can capture and retain as much as 95 percent of the atmospheric mercury they 
receive. Their data indicate that in-stream organic matter may be a significant factor in mercury 
retention in headwater streams.  In a USEPA-funded study in New York, Driscoll et al. (2001) 
have made similar observations on the contribution of litterfall to mercury on the forest floor and 
in leachate.  Since leaf drop each fall contributes significant litter to headwater tributaries, it is 
reasonable to conclude that significant mercury loading occurs each year. 

The chemical form of mercury influences both its uptake and toxicity.  Mercury deposition 
occurs predominantly in the elemental form, while mercury bioaccumulation is most significant 
in the methylated form.  Conversion of elemental to methylmercury occurs in anaerobic 
conditions, predominantly in sediments (Wiener et al. 2003).  The primary route of exposure in 
vertebrates is through ingestion of contaminated prey.  Methylmercury is readily absorbed from 
prey by the gastrointestinal tract lining and easily crosses biological membranes, such as the 
blood-brain barrier.  Methylmercury impairs reproduction, development, and neurological 
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function (Eisler 1987).  Elemental and methylmercury have no known biological function in 
vertebrates (i.e., they are not micronutrients), and the difference between tolerable natural 
background concentrations and toxic exposures is exceptionally small (Eisler 1987). 

 

C. Selenium  

Selenium is another inorganic substance known to bioaccumulate (Hamilton 2002) and impair 
fish and wildlife health (Lemly 2002).  As with mercury, the form of selenium affects both 
uptake by and toxicity to biota.  Selenite is the predominant form of selenium in soils of humid 
regions such as those found in the eastern United States (Ohlendorf 1989).  Besser et al. (1989) 
demonstrated that selenite and organic selenium compounds (e.g., Se-methionine) are far more 
bioaccumulative than selenate.  Selenite uptake is higher in shallow waters, fine sediments, and 
high organic matter.  These conditions exist in headwater streams, particularly those streams that 
receive organic matter loading from deciduous leaf drop.  Selenite is also more acutely toxic than 
selenate (Canton 1999). 

Selenium is emitted into the atmosphere by coal combustion and other chemical industry 
processes.  It can also be released into the environment from coal mining operations that deposit 
overburden into valley fills, thereby increasing leaching potential.  States receiving a high 
proportion of emissions from local and distant sources also include large areas of past and 
current coal mining.  Surface water monitoring in West Virginia indicates that exceedances of 
selenium water quality criteria are closely related to placement of upstream valley fills (Bryant et 
al. 2002).  

Selenium is a known micronutrient in vertebrates, but the range between dietary requirements 
and toxic levels is relatively narrow (Ohlendorf 1989).  Selenium causes embryo mortality, 
deformities, growth impairment, infertility, and aberrant behaviors (Lemly 2002). The primary 
route of exposure is via ingestion of contaminated prey, although maternal transfer to eggs is a 
significant route for effects on embryos. 

 

D. Other Inorganic Contaminants 

Air emissions from coal burning and chemical processes are not limited to mercury and 
selenium.  Depending on the particular industry, a suite of inorganic contaminants is commonly 
released to the air.  USEPA’s Toxic Release Inventory (TRI) clearly demonstrates the potential 
for mixtures of contaminants from local and regional sources to be deposited in Mid-Atlantic 
forested headwaters.  Contaminants released in appreciable mass in Pennsylvania, West Virginia, 
and Virginia, in addition to mercury and selenium, include aluminum, arsenic, barium, cobalt, 
chromium, copper, lead, manganese, nickel, and zinc.  Exposure to biota in headwater streams 
would vary with each contaminant.  Risk to biota would, in turn, depend on the toxicity of each 
contaminant, as well as any interactions resulting from exposure to combinations of 
contaminants. 



 4

 

E. Plethodontid Salamanders 

Plethodontidae is the most diverse family of salamanders in the world, with over 200 species.  
Thirty-four species of these lungless amphibians are found in Appalachian forests, giving this 
ecoregion the highest salamander diversity in the world.  Pennsylvania has 15 species, West 
Virginia 27 species (including one federally-listed, threatened species), and Virginia 32 species 
(including one federally-listed, endangered species), with the greatest diversity occurring in the 
Mid-Atlantic Highlands.  They thrive and reproduce in seeps, brooks, and small streams, 
sometimes occurring in extremely high densities. Life histories within this group are highly 
variable, and consist of aquatic and terrestrial egg-laying species with variable aquatic larval 
periods (8 months to 4.5 years). They are called lungless salamanders because they absorb 
oxygen through the skin and the lining of the mouth. Unlike species that breed in vernal pools, 
populations of most stream-dwelling salamanders tend to be remarkably stable over time. 

In the Mid-Atlantic Highlands Stream Assessment (USEPA 2000b), contaminant exposure and 
higher trophic level health were not determined in 44 percent of first and second order streams 
due to the absence of fish.  In headwater streams, several Plethodontid salamanders replace fish 
and become the dominant vertebrate predator.  They also serve as prey for higher trophic level 
birds and mammals.  In these environments, this group becomes the preferred, if not the only, 
vertebrate bioindicator for assessing stream health.  

Benthic macroinvertebrates can be used to identify direct toxicity from contaminant exposure.  
However, this assessment endpoint is of minimal use for contaminants such as mercury and 
selenium which pose the greatest risk due to bioaccumulation and biomagnification.  Commonly, 
concentrations of bioaccumulative contaminants will not exceed sediment criteria protective of 
aquatic invertebrates.  Consequently, organisms survive, but also accumulate the contaminants, 
thus exposing upper trophic level species (e.g., fish and amphibians) to concentrations that have 
the potential to cause population-level effects (USEPA 2000b). 

Salamander toxicity reference values for tissue are severely limited.  Sufficient acute toxicity 
data are available to demonstrate that salamander sensitivity is comparable to that of commonly 
tested amphibians (i.e., Xenopus, Rana, Bufo) and fish.  As with other amphibian and fish 
species, the egg and larval stages of salamanders appear to be the most sensitive life stages 
(Schuytema and Nebeker 1996). 

Assessment of the salamander community may also be more efficient than macroinvertebrate 
assessments.  The number of species of salamanders at multiple life stages is relatively small 
compared to the species of invertebrates.  Identification for most can be completed in the field 
with minimal laboratory verification of voucher specimens.  This field-based approach is an 
advantage over the extensive laboratory time needed to accurately identify macroinvertebrate 
taxa. 

In response to global concerns about amphibian health and survival, Congress appropriated funds 
to the U.S. Geological Survey in 1999 to establish the Amphibian Research and Monitoring 
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Initiative (ARMI).  Two major objectives of the ARMI are to determine the status and trends of 
amphibian populations on Department of the Interior lands, and determine causes of declines, 
malformations and diseases.  These efforts have included salamander monitoring in two national 
parks in the Appalachian region (Jung et al. 2001).  Recent USGS studies have examined 
potential impacts due to acid deposition, but metal exposure and effects have not been evaluated. 

The Stream Plethodontid Assemblage Response (SPAR) Index of Biotic Integrity, developed 
under USEPA’s Science to Achieve Results Program, was designed to evaluate the impacts of 
multiple stressors on salamander communities occupying headwaters and seeps in the USEPA’s 
Mid-Atlantic Highlands Environmental Monitoring and Assessment Program Area.  A pilot 
project conducted in 1997-98 in 14 headwaters in the Allegheny Plateau, Pennsylvania (Rocco 
and Brooks 2000), showed significant salamander community responses to various forms of 
stream impairment, specifically acid mine drainage, episodic acidification, and riparian corridor 
degradation.  More recently, the Stream Salamander Index of Biotic Integrity, developed for 
Maryland, shows a remarkable ability to distinguish degraded from non-degraded streams 
(Southerland et al. in prep.).   

Availability of an assessment tool for seeps and headwaters such as SPAR would dramatically 
improve the ability to quantify ecological risk from exposure to these bioaccumulative 
contaminants in these ecologically critical headwater streams.  Documentation of impacts to 
salamanders (e.g., changes in community structure, life stages, and biomass) in these habitats 
would facilitate the development of measures to reduce exposure and protect or restore 
headwater communities.  Appropriate protections for headwater streams may also prevent future 
downstream contamination by removing sources that could contribute to stream and river 
contaminant loading.  We report on efforts to test the use of the SPAR Index of Biotic Integrity 
on seeps and headwater streams receiving mercury, selenium, and other inorganic contaminants 
from atmospheric deposition and valley fill leaching.   

 

F. Study Objectives 

1. Document the spatial distribution of selenium, mercury, and other inorganic contaminants 
in Plethodontid salamanders in headwater streams of Pennsylvania, West Virginia, and 
Virginia. 

2. Use the Stream Plethodontid Assemblage Response (SPAR) Index of Biotic Integrity to 
assess the potential impacts of mercury, selenium, and other inorganic contaminants over 
a broad exposure range on salamander abundance, species diversity, and life stage 
presence in headwater streams 

3. Perform an ecological risk assessment to identify watersheds where the bioaccumulation 
of mercury and selenium in salamanders results in tissue concentrations that exceed 
levels known to produce toxic effects in aquatic and terrestrial predators. 
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II. METHODS 

A. Study Area Selection 

We selected 50 study area watersheds within the Mid-Atlantic Highlands of Pennsylvania, 
Virginia, and West Virginia.  Study area headwaters fell into one of four categories:  1) within 50 
km of a coal-fired power plant with no known history of mining; 2) within 50 km of a coal-fired 
power plant with a history of mining; 3) more than 100 km from a coal-fired power plant with a 
history of mining; and 4) more than 100 km from a coal-fired power plant with no known history 
of mining.  We selected study areas and transects within study areas to minimize terrestrial and 
aquatic habitat differences for parameters that influence stream salamanders such as acid mine 
drainage, and riparian corridor degradation (Rocco and Brooks 2000, Pauley et al. 2004).  We 
targeted sites with documented mercury or selenium contamination along with sites suitable as 
regional reference areas.  The USEPA Mid-Atlantic Highlands Assessment Habitat database, 
USGS National Water Quality Assessment database, Bryant et al. (2002), and State water quality 
databases were screened for all relevant watersheds in the Appalachian ecosystem.  Investigators 
selected study areas in partnership with State natural resource agencies, Gian Rocco 
(Pennsylvania State University), Dr. Jung (USGS), Dr. Pauley (Marshall University, West 
Virginia), and the U.S. Forest Service based on evaluation of known media and fish 
contamination, mining operations, coal-fired power plant sources, and salamander community 
data. 

 

B. Stream and Seep Salamander Surveys 

We conducted salamander surveys within 32 of the 50 study areas according to the protocol of 
either Rocco and Brooks (2000) or Pauley et al. (2004).  Riffle/run portions of each headwater 
stream were sampled along a 100-200 m reach.  For seeps, one continuous 10 m reach was 
sampled.  Within each reach, three (Rocco and Brooks 2000) or two (Pauley et al. 2004) 4-m2 
rectangular plots were thoroughly searched.  Each plot encompassed the land-water interface of 
the stream within riffle/run habitat.  We removed all rocks, logs, and debris within each plot and 
raked the substrate by hand to search for concealed animals.  Adults and larvae were captured by 
hand or net until the entire plot had been searched.  Sites surveyed using the methods of Pauley 
et al. (2004) also included two-pass sampling of a 15-m x 2-m transect, with 1 m on the bank and 
1 m in the wet channel.  Cover objects were lifted and any salamanders underneath were 
collected.  Salamanders were identified by species and life stage.  Data were recorded on size, 
weight, and incidence of abnormalities, by species and life stage. 

Habitat assessments were either extracted from existing databases or conducted according to 
Ohio EPA (2001) or West Virginia Division of Environmental Protection Watershed Assessment 
Section (WAS) protocols.  For study areas that were part of either the Mid-Atlantic Highlands 
Assessment or the Draft Programmatic Environmental Impact Statement on Mountaintop 
Mining/Valley Fills in Appalachia (USEPA 2003), water quality and physical habitat data were 
already available.  For sites in West Virginia surveyed by Marshall University, data were 
collected on water quality, physical habitat, and land use using the WAS protocol.  For all other 
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sites, habitat data were collected for parameters listed in Table 1 based on Rocco and Brooks 
(2000). 

To account for the potential effect of salamander collection and removal conducted prior to 
salamander community surveys, an adjustment factor was applied to species abundance numbers.  
For two sites surveyed post-collection, a species collected during sampling but not documented 
thereafter during community assemblage surveys were identified as such.  Adjustment was based 
on a comparison of the number of individuals of a species collected within the 3000-foot 
collection reach with the species and associated numbers documented in the 300-foot survey 
reach.  Species counts were adjusted for three sites, and one species each added to two sites.  The 
IBI score increased slightly for only one of these five study areas; however, assemblage 
classifications did not change. 

 

C. Sample Collection 

We collected salamanders at all 50 study areas for tissue analysis.  We limited collection to 
adults for species that were abundant or large enough to achieve tissue mass requirements with a 
small number of animals.  This approach was warranted to minimize sampling impacts on the 
salamander communities.  No State or federally listed endangered species were collected for 
analysis. 

We euthanized, measured, weighed, and segregated salamanders by species and size.  Within 
species and size classes, we formed composites as necessary to meet tissue mass requirements.  
We submitted frozen samples to a USFWS Patuxent Analytical Control Facility-approved 
laboratory. 

To assess the contribution of leaf litter contamination to in-stream contaminant levels, we 
collected dominant leaf litter at all sites.  Samples were also submitted to a USFWS Patuxent 
Analytical Control Facility-approved laboratory for inorganic analyses. 

 

D. Contaminant Analysis 

In 2003, we submitted 85 samples for mercury and selenium analyses and 42 samples for 
selenium, mercury, and routine metals analyses representing 29 study areas.  Routine metals 
analyses were warranted to compensate for the absence of contaminant data on these salamander 
species, and to address potential confounding with mercury and selenium effects on population 
endpoints.  In 2004, we submitted 55 new samples from 21 additional study areas. 

Relevant detection limits for bioaccumulative substances were difficult to achieve using routine 
analytical techniques.  In 2003, detection limits were highly variable and often exceeded relevant 
criteria.  Similarly, deciduous leaves collected from the streambanks were analyzed, but no 
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detectable concentrations were documented.  Given the higher concentrations present in biota, 
investigators focused solely on analysis of salamander samples in 2004.   

Analytical detection limits were improved by switching to the methods employed by Trace 
Element Research Laboratory (TERL) at Texas A&M University (College Station, Texas).  All 
samples were freeze-dried and homogenized prior to digestion.  Tissue digestion of freeze-dried, 
powdered tissue utilized nitric acid, hydrogen peroxide, and hydrochloric acid in a block 
digester.  Following digestion, samples were diluted as necessary and analyzed for trace metals 
depending on analytical methods.  Divalent mercury (Hg++) in samples was reduced to the 
elemental state (Hg0) by a strong reducing agent (stannous chloride).  Mercury concentration in 
the sample was determined by cold vapor atomic absorption spectroscopy.  Tissue digests were 
heated with HCl to convert Se(VI) to Se(IV) to facilitate hydride generation.  Atomic 
fluorescence spectroscopy, one of the most sensitive methods currently available for inorganic 
analysis, was used to determine selenium concentrations.  Silver, arsenic, cadmium, lead, and 
vanadium concentrations were determined using inductively coupled plasma-mass spectroscopy 
to achieve extremely low detection limits.  All other inorganics were analyzed using inductively 
coupled plasma optical emission spectroscopy. 

The duplicate testing of 15 samples from 2003 was used to assess the variability in analytical 
results between the 2003 and 2004 laboratories.  The TERL methodology for selenium had lower 
detection limits and consistently higher concentrations were measured.  Paired analytical results 
for selenium were used to derive a linear regression equation (Appendix A).  This equation was 
applied to the 2003 selenium data to correct for the differences in methods between the two 
laboratories.  These corrected values for selenium were used in all subsequent data analyses.  
Detection limits were also lower for mercury, but consistent differences were not observed.  
Therefore, no correction was made to 2003 mercury concentrations.  All samples without 
detectable concentrations were evaluated at one half of the detection limit. 

Quality assurance and quality control procedures were USFWS Patuxent Analytical Control 
Facility standards.  Duplicates and spiked recovery results were within acceptable ranges.  
Contaminant concentrations were reported as milligrams per kilogram (mg/kg), wet weight.  
Analytes, tissue sample concentrations, and limits of detection are presented in Appendix B. 

 

E. Data Analysis 

1. Site classification: 

We evaluated study areas based on the USEPA TRI for each county.  This approach broadened 
the range of contaminants and their sources to include all reported air emissions in 2003.  We 
documented physical evidence of mining during the habitat and salamander assessments, and 
verified our determinations by reviewing available water data and aerial imagery.  We then 
categorized study areas as being beyond 50 km of any reported emissions, within 50 km of a 
county with low or high emissions (i.e.,first or second quantile of two quantiles), or downstream 
of mining valley fills (Table 2). 
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We used concentrations of inorganic contaminants in salamander samples to compute study area 
averages and maximums.  We evaluated these data to determine if concentrations across all 
species should be pooled.  We excluded data from northern spring salamanders (G. 
porphyriticus) as they are higher trophic level predators than the other species and were only 
available from a small number of study areas.  We included data for the remaining species at 
each study area in the average and maximum determinations.  We then compared the resulting 
study area averages and maximums relative to source classes. 

 

2. SPAR IBI: 

We applied the SPAR Index of Biotic Integrity that was developed for Mid-Atlantic habitats by 
Rocco et al. (2004).  Rocco et al. used multiple discriminate analyses to develop a predictive 
model for the classification of sites into one of the three groups that differed with respect to 
geographic location and stream physical habitat.  Groups 1 and 2 are steeper, have more boulder 
cover, and are cooler than Group 3 sites.  Sites in Group 1 are northern Appalachian high-
gradient streams, while Group 2 sites are southern Appalachian high-gradient streams.  Group 3 
consists of lower gradient sites that are geographically centered within the Mid-Atlantic region, 
and more widespread relative to the other groups. 

We classified study areas into one of the three groups using four measurements (latitude, percent 
boulder cover, stream temperature, and gradient) obtained during stream habitat assessments 
(Table 1) or calculated from those data.  Geographic coordinates for stream sites were 
determined from a map or by GPS on site.  We estimated boulder cover by zigzag pebble count 
(Bevenger and King 1995) or as a percentage of each quadrant or transect.  We determined 
stream gradient from 7.5-minute USGS topographic quadrangles, and we measured water 
temperature at each sampling plot with a thermometer.  Using the coefficients and formula 
provided by Rocco et al., we determined group membership for the 32 study areas surveyed. 

The availability of a habitat-specific index of biotic integrity developed for salamanders in this 
ecoregion based on a large data set facilitated the evaluation of the small data set collected in this 
study.  We derived IBI scores using the metric combinations that had the highest percentage of 
correctly classified sites in Rocco et al. (2004).  Rocco et al. used Mann Whitney testing to 
identify the 11 best-performing metrics.  Combinations of these metrics were then evaluated to 
determine their efficiencies at classifying salamander communities for all streams combined, 
degraded streams, and non-reference streams in a data set of over 130 streams.  The resulting 
seven group-specific metrics, the IBI combinations, and their classification efficiencies are 
presented in Table 3.    Rocco et al. used parametric, nonparametric, and multivariate analyses to 
derive habitat classification factors and habitat-specific metrics applicable to our study area.  We 
used this habitat-specific IBI to score the 32 study areas for which salamander assemblage data 
were available.  Although efficiencies for Group 2 sites were reduced (Table 3), we applied the 
group-specific IBIs as we had only one Virginia study area that classified as Group 2.  IBI scores 
were then used to classify the salamander assemblages at each study area as reference, 
intermediate, or impaired.   
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3. Ecological risk: 

We used literature-based toxicity data to classify potential risk to salamanders for each study 
area.  Lowest observed effect dose (LOED) toxicity reference values (TRVs) for tissue 
concentrations (Table 4) were used to derive hazard quotients (HQs; HQ=tissue 
concentrations/LOED).  If a LOED was not available, a level was estimated by multiplying the 
no observed effect dose (NOED) by a factor of ten.  For chromium, a LOED was estimated by 
computing the geometric mean of the NOED and LD75 values.  Toxicity data for salamanders 
were limited to cadmium.  For other inorganics, we selected TRVs for other amphibians and fish.  
We determined HQs for each tissue sample for each contaminant.  We then used average HQs 
for each study area to classify a study area as potentially at risk (HQ>1) or below known risk 
levels (HQ<1) for each contaminant.  We assigned an overall HQ classification based on the 
highest HQ score for all contaminants.  We then tallied the number of reference, intermediate, 
and impaired salamander assemblages based on HQ classification.  We statistically compared the 
percentages of reference, intermediate and impaired salamander assemblages between low risk 
(HQ<1) and high risk (HQ>1) study areas using a Chi-square test. 

Salamander contaminant concentrations were also used to assess the risk to predators inhabiting 
headwater streams.  We selected the northern water shrew (Sorex palustris) as the mammalian 
ecological receptor.  The water shrew is found in high elevation forests near mountain streams 
bordered by rocks, logs and over-hanging banks.  The diet of the water shrew consists of aquatic 
insects, larvae, spiders, worms, small fish, fish eggs, amphibians, amphibian larvae (Jones and 
Birney 1988).  We chose the Louisiana waterthrush (Seiurus motacilla) as the avian ecological 
receptor.  The waterthrush lives in deciduous or mixed forests with rapid flowing streams.  Their 
diet includes aquatic and terrestrial insects, small fish and small frogs (Cornell Laboratory of 
Ornithology).  In highland headwaters where fish and frogs are often absent, it is reasonable to 
assume that aquatic salamanders would be included in their diet; Mulvihill (1999) has reported 
Louisiana waterthrush feeding immature terrestrial salamanders to their nestlings. 

We derived the contaminant exposure value using a standard food chain model equation.  We 
based the value on four parameters:  food ingestion rate, contaminant in prey, body weight, and 
area use factor (Table 5).  The northern water shrew body weight may range from 9 to 18 g (Burt 
and Grossenheider 1980, Pennsylvania Game Commission, Virginia Department of Game and 
Inland Fisheries).  We used an average of the lowest body weights from these sources (10.3 g).  
According to Warrington (2001), due to their small size and high metabolic rate, the water 
shrew’s food ingestion rate is equivalent to its own body weight.  The Louisiana waterthrush 
weight averages 21.5 g (Environment Canada, Smithsonian National Zoological Park).  The food 
ingestion rate formula for passerine birds (USEPA 1993) was used to derive an ingestion rate for 
the waterthrush.  Media contaminant concentrations were not included because water exposures 
are highly transient and these headwaters do not accumulate significant amounts of fine 
sediment. 

We compared the calculated contaminant exposures to NOAEL and LOAEL TRVs for the two 
ecological receptors (Table 5).  For water shrew, we selected the mercury NOAEL and LOAEL 
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values from a mink study with mortality, weight loss and ataxia endpoints (Wobeser et al. 1976).  
We based the selenium NOAEL and LOAEL values on potassium selenate in rats from 
Rosenfeld and Beath (1954) with a reproduction endpoint.  These values were identified as the 
most appropriate TRVs by Oak Ridge National Laboratory (Sample et al. 1996).  For the 
waterthrush, we selected the mercury NOAEL and LOAEL values from a mallard duck study 
with a reproduction endpoint (Heinz 1979), which was also preferred by Sample et al. (1996).  
We used selenium NOAEL and LOAEL values derived from EC10 and EC20 values for mallard 
egg hatchability as a function of selenium concentration in diet based on six studies (Hoffman et 
al. 2003).  We used mallard body weight and food ingestion rate values from Wildlife Exposure 
Factors Handbook (USEPA 1993) to convert the mallard EC values to TRVs. 

 

III. RESULTS 

We collected a total of 779 animals for 182 samples (Table 6) from 50 study areas (Figure 1).  
Species collected were Desmognathus fuscus, D. monticola, D. ochrophaeus, Eurycea bislineata, 
Gyrinophilus porphyriticus, Plethodon cinereus, and E. longicauda.  Thirty one animals (11 D. 
monticola , 15 D. fuscus, and five G. porphyriticus)  were large enough to analyze without 
compositing.  Average concentrations of selenium varied between species which likely reflects 
the duration of the obligate aquatic phase and dietary preferences (Figure 2).  Selenium 
concentrations in northern spring salamander (G. porphyriticus) were consistently higher, which 
is likely due to their higher trophic level position and extended life spans.  One terrestrial 
salamander sample (P. cinereus) was analyzed for comparison to species with an extended 
obligate aquatic life stage.  Concentrations of selenium in this terrestrial salamander sample were 
lower than those in E. bislineata and D. fuscus of similar size from the same study area.   

We computed average sample concentrations and salamander HQs for all inorganic contaminants 
for each study area.  Selenium concentrations ranged from 1.06 to 14.32 mg/kg dry weight (dw), 
while mercury values were 0.031 to 0.36 mg/kg wet weight (ww) (Table 7).  HQs ranged from 
0.1 to 3.6 for selenium and 0.0 to 1.1 for mercury (Table 7).  Average concentrations of selenium 
were above the respective TRVs for 16 study areas.  Average mercury HQs were not greater than 
one at the two study areas, PA522 and PA544, where single samples exceeded the mercury TRV.  
Aluminum concentrations ranged from 0.01 to 550 mg/kg ww, while the range of copper 
concentrations was 0.01 to 18.42 mg/kg ww.  Average HQs of greater than or equal to one were 
observed for aluminum (13 study areas) and copper (five study areas).  Mean concentrations of 
all other inorganic contaminants were below their respective TRVs.  Analytical results for 
samples for all analytes are presented Appendix B. 

We classified study areas by proximity to potential sources of inorganic contaminants (Table 2).  
Spatial distribution of selenium concentrations relative to potential sources are presented in 
Figures 3 and 4.  Similar data are presented for mercury in Figures 5 and 6, aluminum in Figure 
7, and copper in Figure 8. Concentration categories in all six figures are based on salamander 
HQs; low and medium categories are equivalent to HQ less than one and high category is HQ 
greater than one.  A comparison of salamander selenium concentrations between source classes 
is presented in Figure 9.  Analysis of variance (ANOVA) indicated that both average and 
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maximum selenium concentrations in salamanders from study areas downstream of mining 
valley fills were significantly higher than those with elevated or no reported emissions.  We 
found no difference between average or maximum selenium concentrations or salamander 
assemblages in study areas with high emissions or no reported emissions. 

We used SPAR IBI calculations to derive scores and classifications for salamander assemblages 
in 32 study areas (Table 8).  Ten study areas were categorized as having salamander assemblages 
comparable to reference conditions, four as being intermediate, and 18 as being impaired.  The 
proportions of reference, intermediate, and impaired assemblages by HQ are depicted in Figure 
10.  Chi-square analysis indicated that the proportions are significantly different (p = 0.038) 
between study areas with HQ less than one and those equal to or greater than one. The 
proportions of reference, intermediate, and impaired assemblages by potential source class are 
presented in Figure 11.  Chi-square analysis indicated that the proportions are significantly 
different (p = 0.005) between study areas downstream of mining valley fills versus those exposed 
only to emissions deposition. 

We also evaluated selenium and mercury risks to avian and mammalian predators.  Selenium 
LOAEL HQs ranged from 0.10 to 3.61 in the waterthrush and 0.83 to 29.23 in the water shrew.  
Selenium HQs were greater than or equal to one at 11 study areas for the waterthrush (Figure 
12), while only one HQ was less than one for the water shrew (Figure 13).  Risk calculations for 
water shrew are not directly applicable in the southwest counties of West Virginia since this area 
is not documented to be within the species range.  Potential risks from mercury exposure were 
considerably lower.  LOAEL HQs for all 50 study areas were less than one for both waterthrush 
and water shrew.  HQs for NOAELs ranged from 0.17 to 2.17 for the waterthrush and 0.06 to 
0.74 for the water shrew.  Mercury NOAEL HQs were greater than or equal to one at only two 
study areas for the waterthrush (Figure 14), and at no study areas for the water shrew (Figure 
15). 

 

V. DISCUSSION 

A. Selenium 

This study documented selenium exposure and effects on salamander assemblages in Mid-
Atlantic Highland headwaters, and demonstrated the effectiveness of salamanders as a 
biomonitoring tool.  We found impaired salamander assemblages in study areas where selenium 
concentrations in tissues exceeded the TRV.  Where water concentrations [as available from 
Bryant et al. (2002) or WVDEP (unpublished water quality monitoring data)] were near or above 
the water quality criterion of five μg/L, salamander HQs were greater than one, with only two 
exceptions (one area where only three animals were found, and one where selenium exceedances 
had only been occurring for six months).  Calculations show likely risk to salamanders at 15 
study areas where the average HQ exceeded one and potential risk to salamanders at an 
additional ten study areas where at least one sample had an HQ greater than one.  Of the 15 study 
areas with HQ greater than one, 12 were below valley fills and three were near counties with 
elevated selenium emissions.  For all 25 study areas, 14 were downstream of mining valley fills, 
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four were near counties with elevated selenium emissions, and six were in areas where no 
selenium emissions were reported.  We found that salamander assemblages were more likely to 
be impaired downstream of valley fills than in other locations.  We also found an elevated risk to 
waterthrush in eight study areas downstream of valley fills.  Risk estimates are not available for a 
relevant mammalian receptor in southwest West Virginia.  These data indicate that selenium 
exposure may be a factor affecting headwater biota downstream of mining valley fills. 

Selenium is only one of several chemical parameters that may be elevated in streams below 
valley fills (Bryant et al. 2002).  Sulfate, hardness, manganese, conductivity, and alkalinity 
increases ranged from 7.5- to 42-fold over reference conditions, with selenium increasing by 7.8-
fold.  Selenium is unique among these other parameters in that it is absorbed by and 
bioaccumulates in aquatic biota.  We documented elevated selenium in Plethodontid salamanders 
downstream of valley fills, and reduced assemblages in a large proportion (nearly 60 percent) of 
study areas with elevated selenium in whole body samples.  However, it is possible that other 
factors associated with valley fills are responsible for the observed effects on the salamander 
assemblages.  Green et al. (2000) demonstrated that benthic macroinvertebrate communities 
were depressed below valley fills where conductivity was elevated.  In contrast, Pauley et al. 
(2004) found that of West Virginia salamander species, only E. cirrigera was negatively affected 
by conductivities as high as 2900 Umhos/cm.  The impairment of salamander assemblages could 
be the result of reduced prey abundance as macroinvertebrate communities were depressed.  
Williams (2003) concluded that salamander abundance is reduced downstream of valley fills, 
and associated this effect with a shift from rock to fine sediment substrate.  In contrast, Green et 
al. (2000) found no difference in sediment deposition or embeddedness between valley fill and 
reference streams.  Identification of the cause(s) of the observed effects in this study will require 
the derivation of salamander-specific TRVs in media and, where applicable, in tissues via 
laboratory testing for the chemical parameters associated with valley fills. 

We also documented elevated risk to salamander communities at four study areas within and 
seven beyond 50 km of selenium emission sources, while eight study areas within 50 km of 
selenium emissions did not have elevated risk.  We found no statistical difference in salamander 
selenium concentrations or salamander assemblages between study areas with emissions and 
those where none have been reported.  Factors controlling selenium transport, wet and dry 
deposition, and bioavailability were not examined in this study, but may differ between the no 
risk and elevated risk study areas.  In addition, the USEPA TRI data are reported on a wide 
spatial scale and do not distinguish between documented zero emissions and failure to report.  
This shortcoming may have resulted in study areas being under-classified for selenium 
emissions.  Our data indicate that localized monitoring may be the only accurate method of 
identifying locations where selenium exposure is high enough to pose risks to headwater biota.  
Based on the correspondence between water and tissue selenium concentrations in our study, we 
recommend that surface water data be reviewed to identify first and second order streams where 
selenium from atmospheric deposition may be degrading local water quality.  In these streams, 
headwater biota should be tested to evaluate bioaccumulation and risk. 

Even in the absence of salamander-specific TRVs, selenium is a valuable indicator since it can 
be measured in biological tissues.  Tissue concentrations integrate exposures over time compared 
to water samples.  They also eliminate the need to estimate exposure based on water chemistry 
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because they measure only bioavailable selenium.  Most importantly, they provide relevant doses 
for a bioaccumulative contaminant.  It is for these reasons that USEPA has proposed fish tissue-
based selenium criteria.  We advocate that USEPA and State regulatory agencies couple 
salamander sampling with fish sampling in their approach to monitoring ecological health to 
address the extensive proportion of watersheds that have no fish, but support complex aquatic 
and aquatic-dependent communities. 

We developed ecological risk assessments for higher trophic levels based on the water shrew and 
the waterthrush.  We found potential risk to water shrew at all study areas near emissions, and all 
but one study area with no reported emissions, while waterthrush HQs greater than one occurred 
at two study areas near emissions, and one with no reported emissions.  We have demonstrated 
that salamanders, which feed primarily on macroinvertebrates, are contaminated.  It is reasonable 
to assume that macroinvertebrates are their primary source of selenium exposure.  Water shrew 
and waterthrush, which consume macroinvertebrates, salamanders, and other aquatic biota, will 
be exposed in nearly 100 percent of their prey.  We used these protective exposure parameters to 
broadly encompass locations in need of further evaluation in the Mid-Atlantic Highlands.  
Potential risk to the water shrew is of concern given their dependence on high water quality 
streams and their population status in West Virginia (imperiled), Pennsylvania (protected), and 
Virginia (imperiled).  The waterthrush is an ideal indicator since it is the only obligate avian 
species of headwater ecosystems in the eastern United States (Brooks et al. 1998).  Our 
conceptual site model results in a significantly greater exposure than for species that have larger 
home ranges, feed at lower trophic levels, or have a broader diet.  The model generates a safe 
prey concentration of approximately 1 mg/kg dw in contrast to 7 mg/kg dw proposed by Lemly 
(2002) and 4 mg/kg dw advocated in U.S. Fish and Wildlife Service comments (USFWS 2005) 
on USEPA’s 2004 draft tissue-based selenium criterion.  While we recognize that the chosen 
receptors do not exist in all locations or habitats receiving selenium contamination, we 
recommend that similar, high-exposure risk scenarios with relevant receptors be considered in 
establishing selenium criteria that are protective of birds and mammals. 

 

B. Mercury 

We also documented mercury exposure in salamanders, although average mercury 
concentrations in salamanders did not exceed the fish TRV at any study areas.  However, 
individual samples had HQs greater than one at two study areas in Pennsylvania.  We calculated 
NOAEL HQs greater than one for waterthrush for these two, and one additional study area.  All 
three study areas were near mercury emission sources.  With emissions and transport of mercury 
well documented in the Mid-Atlantic, we expected risk to be higher and more widespread.  It is 
possible that salamander mercury concentrations are limited by the factors controlling wet and 
dry deposition, and the bioavailability of mercury.   

The deposition of airborne mercury is influenced by air flow pattern, land form elevation and 
orientation, and precipitation rate (USEPA 1998).  Our study areas were located primarily in 
forested headwaters at elevations likely to receive significant deposition.  The two study areas 
with mercury salamander samples exceeding TRVs were located at elevations of 1390 feet and 
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1140 feet.  The former was on a high elevation plateau.  The latter was in a valley on the west 
side of a southwest to northeast-running ridge.  Mercury deposition could be elevated in these 
areas due to local topography and orientation.  Further examination of regional wind patterns and 
local precipitation rates, as well as the addition of dry deposition monitoring will be necessary to 
understand the factors that influence transport of mercury into forested headwaters. 

In headwater streams, the rate of methylation is the primary factor controlling mercury 
bioavailability.  Methylation is favored in anaerobic, acidic conditions with fluctuating water 
levels found in wetlands (Wiener et al. 2003).  One of the study areas with elevated mercury has 
significant floodplain wetlands located upstream, which may provide suitable conditions for 
methylation.  The presence of wetlands upstream was atypical of our study areas.  In typical 
Mid-Atlantic headwater streams, methylating conditions may also occur in intermittent stream 
pools with heavy leaf litter that receive acidic precipitation.  As we selected streams with near 
neutral pH to avoid the known effects of acid mine drainage on salamanders (Rocco and Brooks 
2000), it is not likely that conditions in our study areas favored methylation.  Additional study 
areas with upstream wetlands and/or reduced pH without acid mine drainage should be sampled 
to determine if higher salamander mercury concentrations are more prevalent under these 
conditions. 

 

C. Other Inorganic Contaminants 

We documented detectable concentrations of cadmium, iron, nickel, zinc, barium, lead, 
aluminum, copper, arsenic and chromium in salamander tissues.  Only aluminum and copper 
were present at levels exceeding TRVs.  However, only the cadmium TRV was based on 
salamander testing.  It is possible that salamanders are more sensitive than the surrogate 
receptors for which TRVs were available.  As these contaminants have relatively low 
bioaccumulation potential, they were not evaluated in the risk assessment model for birds and 
mammals.  Aluminum and copper were not found to be associated with valley fills (Bryant et al. 
2002).  The USEPA TRI data indicate that aluminum is not reported to be released by many 
industries in the Mid-Atlantic Highlands.  Copper releases are far more ubiquitous, but numerous 
factors could reduce copper transport to and bioavailability in headwater streams.  As additional 
tissue-based TRVs for amphibians become available, the data collected in this study should be 
reevaluated to improve the assessment of risk to Plethodontid salamanders due to other inorganic 
contaminants in headwater streams. 
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VI. MANAGEMENT RECOMMENDATIONS 

The results of this study lead us to make the following management recommendations: 

1. Advocate that USEPA and State regulatory agencies combined salamander sampling and 
fish sampling in their approach to monitoring ecological health in watersheds that do not 
have fish, but nevertheless support complex aquatic and aquatic-dependent communities. 

2. Recommend that high-exposure risk scenarios with relevant ecological receptors, 
particularly State-status species, be considered in establishing selenium and mercury 
criteria that are protective of birds and mammals. 

3. Support the identification of the cause(s) of the observed effects on salamander 
assemblages via laboratory testing to derive amphibian, particularly salamander, toxicity 
reference values for ubiquitous contaminants. 

4. Advocate assessment of the potential for release of selenium to headwaters within the 
Mid-Atlantic Highlands to inform both permitting and Clean Water Act 303(d) TMDL 
and 305(b) assessment processes. 

5. Obtain and conduct reviews of surface water data to identify first and second order 
streams where selenium and mercury may be degrading local water quality.  Advocate 
that States test headwater biota in identified streams to determine bioaccumulation and 
risk to aquatic and aquatic-dependent biota. 

6. Encourage Fish and Wildlife Service Environmental Contaminant specialists to work 
with peers in relevant State and Federal agencies (e.g., State environmental agencies, 
NOAA, USGS) to examine regional wind patterns and local precipitation rates to 
understand the factors that influence transport and deposition of selenium and mercury 
into forested headwaters.  

7. Advocate the addition of contaminant dry deposition monitoring by State and Federal 
scientific and regulatory agencies to more completely understand sources of exposure for 
headwater biota. 

8. Support the testing of additional study areas with upstream wetlands and/or reduced pH, 
but without acid mine drainage inputs, to determine if higher salamander selenium and 
mercury concentrations are documented, and thus if there is a higher risk to aquatic and 
aquatic-dependent biota. 
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Table 1.  Summary of physical habitat parameters collected for Stream Plethodontid Assemblage 
Response Index from study areas in Pennsylvania, West Virginia, and Virginia, 2003 - 2005 
(Rocco and Brooks 2000). 

 
 

 

 
Survey reach location geographic coordinates (using GPS or from maps) 

 

 

Stream gradient (m/1000 m) using GPS coordinates and TopoScout (MAPTECH, 
www.maptech.com) or equivalent from center of survey reach 

 

 
Maximum pool depth (cm) within survey plots 

 

 
Wetted channel width (m) within survey plots 

 

 
Stream and ambient air temperature (° C) 

 
  
  

 

Riparian Zone  
    Survey plot percent canopy cover 
    Survey reach land cover (dominant trees, understory cover) 

 

 Survey Plot Substrate  

 
    cobble cover, moss cover, bank vegetation 

 
  
 

Survey reach pebble count (Bevenger and King 1995) 
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Table 2. Classification of study areas by proximity to potential contaminant sources. 
             

   Se Hg Al Cu Source 

 SITE ID Source Source Source Source CLASS* 

 PA 035 0 2 2 2 2 

 PA 082 1 2 2 2 2 

 PA 410 2 2 0 2 2 

 PA 411 0 2 2 2 2 

 PA 412 2 2 0 2 2 

 PA 413 1 2 0 2 2 

 PA 522 0 2 2 2 2 

 PA 544 0 0 0 1 1 

 PA 771 2 2 2 2 2 

 PA 787 0 0 0 1 1 

 PA 848 0 2 2 2 2 

 VA 508 0 1 0 2 2 

 VA 554 0 1 0 2 2 

 VA 990 0 2 2 2 2 

 VA 991 3 2 2 2 3 

 VA 992 3 2 2 2 3 

 VA 993 3 0 0 0 3 

 VA 994 3 2 2 2 3 

 VA 995 0 2 2 2 2 

 VA 996 0 1 0 2 2 

 VA 997 0 1 0 2 2 

 VA 998 0 2 2 2 2 

 VA 999 3 1 2 2 3 

 WV 018 3 2 0 2 3 

 WV 025 3 2 0 1 3 

 WV 039 0 2 0 1 2 

 WV 085 3 2 0 1 3 

 WV 088 3 2 0 1 3 

 WV 090 3 2 0 1 3 

 WV 092 0 2 0 1 2 

 WV 093 0 2 0 2 2 

 WV 504 2 2 2 2 2 

 WV 505 2 2 0 1 2 

 WV 982 2 2 0 2 2 

 WV 983 2 2 0 2 2 

 WV 984 2 2 0 2 2 

 WV 985 2 2 0 2 2 

 WV 986 3 2 0 1 3 

 WV 987 3 2 0 0 3 

 WV 989 0 2 0 0 2 

 WV 990 0 2 0 0 2 

 WV 991 3 2 0 0 3 

 WV 992 0 2 0 2 2 

 WV 993 3 2 0 0 3 

 WV 994 2 2 0 1 2 

 WV 995 3 2 0 0 3 

 WV 996 0 2 0 1 2 

 WV 997 3 2 0 2 3 

 WV 998 3 2 0 1 3 

 WV 999 3 2 0 2 3 

       

 * 0 = none reported, 1=first quantile, 2=second quantile, 3=up gradient mining 

 none reported = no report filed for the county or report has no entry   
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Table 3. Components of the Stream Plethodontid Assemblage Response Index used to calculate the Index of Biotic Integrity (IBI) Score and 
the results of the performance evaluation of the individual indices (Rocco et al. 2004). 

     
    IBI COMBINATION   

METRIC METRIC DESCRIPTION Group 1 Group 2 Group 3 

# species number of Plethodontid species, including woodland species X X   

# two-lined number of Eurycea bislineata or E. cirrigera X     

# northern spring number of Gyrinophilus porphyriticus     X 

# salamanders number of salamanders of all species   X X 

# intolerants number of salamander minus number of Eurycea spp.   X X 

# nutrient tolerant number of E. spp. plus D. fuscus X     

# terrestrial number of salamanders without gills or gill stubs   X   

     

% EFFICIENCY All Sites 81 68 71 

 Degraded Sites 83 67 74 

 Intermediate Sites 81 78 74 
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Table 5. Life history parameters and toxicity reference values used to calculate risk to mammalian and avian receptors. 

       

Northern Water Shrew 

weight (kg)a 
food ingestion rate 

(kg/day)b 
NOAEL-Hg 
(mg/kg-day)c 

LOAEL-Hg 
(mg/kg-day)c 

NOAEL-Se 
(mg/kg-day)d 

LOAEL-Se 
(mg/kg-day)d 

0.0103 0.0163 0.0103 0.15 0.25 0.2 0.33 

       

Louisiana Waterthrush 

weight (kg)e 
food ingestion rate 

(kg/day)f 
NOAEL-Hg 
(mg/kg-day)g 

LOAEL-Hg 
(mg/kg-day)g 

NOAEL-Se 
(mg/kg-day)h 

LOAEL-Se 
(mg/kg-day)h 

0.0215 0.0054 0.0064 0.064 0.279 0.336 

       
a - Weight range is an average from three sources - Burt and Grossenheider 1980 (9-14g), PA Game Commission (9.9-17g), and the 
VA Department of Game and Inland Fisheries (12-18g). 

b - Food ingestion rate is equivalent to the body weight as noted by the BC Ministry of Water, Land and Air Protection. 

c - Values based on methyl mercury chloride in mink from Wobeser et al.1976 with an endpoint of mortality, weight loss and ataxia, 
mink selected over rat since both shrews and minks are carnivores. (Oak Ridge) 

d - Values based on potassium selenate in rat from Rosenfeld and Beath (1954) with a reproduction endpoint (Oak Ridge) 

e - Average bird weight from Environment Canada and the Smithsonian National Zoological Park 

f - Rate based on ingestion rate formula for passerine birds, US EPA Wildlife Exposure Factors Handbook, 1993 

g - Values based on methyl mercury dicyandiamide in mallard from Heinz (1979) with a reproduction endpoint (Oak Ridge) 

h - Values from Handbook of Ecotoxicology, page 486, mallard egg hatchability as a function of selenium concentration in diet, 
converted to dose using average female mallard weight from US EPA Wildlife Exposure Factors Handbook and allometric equation 
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Table 6. Summary of salamander collections in Pennsylvania, Virginia and West Virginia, 2003 - 2004. 

       

Species Common Name 
Aquatic Larval 

Period Food Habits 
Study 
Areas Specimens Samples 

Desmognathus fuscus Northern Dusky 9 months aquatic invertebrates 43 481 108 

Desmognathus monticola Appalachian Seal 9 months 
aquatic invertebrates & 
salamanders 

12 76 34 

Desmognathus 
ochrophaeus 

Mountain Dusky 6 months aquatic invertebrates 6 91 12 

Eurycea bislineata Northern Two-lined 2 years 
aquatic invertebrates & 
eggs 

12 113 19 

Gyrinophilus porphyriticus Northern Spring  3 years 
salamanders & aquatic 
invertebrates 

6 13 8 

Plethodon cinereus Redback none terrestrial invertebrates 1 5 1 

    TOTAL 779 182 
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Table 8. SPAR Index of Biotic Integrity (IBI) scores and status with respect to hazard quotient 
(HQ) and potential source classes. 
  

       

   HQ SOURCE HABITAT SPAR IBI   
 SITE ID CLASS* CLASS** CLASS*** SCORE**** STATUS 
 PA 544 2 1 GRP 1 1.67 IMP 
 PA 787 1 1 GRP 1 6.67 REF 
 PA 035 2 2 GRP 3 6.67 REF 
 PA 082 2 2 GRP 1 10.00 REF 
 PA 410 2 2 GRP 1 10.00 REF 
 PA 411 1 2 GRP 1 6.67 REF 
 PA 412 2 2 GRP 1 5.00 INTMED 
 PA 522 2 2 GRP 3 1.67 IMP 
 PA 771 1 2 GRP 1 1.67 IMP 
 PA 848 1 2 GRP 1 10.00 REF 
 VA 508 1 2 GRP 3 10.00 REF 
 VA 554 1 2 GRP 3 6.67 REF 
 VA 990 1 2 GRP 3 10.00 REF 
 VA 995 1 2 GRP 3 10.00 REF 
 VA 996 1 2 GRP 3 8.33 REF 
 VA 997 2 2 GRP 3 8.33 REF 
 VA 998 1 2 GRP 3 6.67 REF 
 WV 039 1 2 GRP 3 10.00 REF 
 WV 092 1 2 GRP 3 8.33 REF 
 WV 504 1 2 GRP 3 5.00 INTMED 
 WV 505 1 2 GRP 3 3.33 IMP 
 WV 983 1 2 GRP 3 6.67 REF 
 WV 994 1 2 GRP 3 6.67 REF 
 VA 991 1 3 GRP 3 5.00 INTMED 
 VA 992 1 3 GRP 3 6.70 REF 
 VA 993 2 3 GRP 2 1.25 IMP 
 VA 994 1 3 GRP 3 5.00 INTMED 
 VA 999 2 3 GRP 3 1.67 IMP 
 WV 090 2 3 GRP 3 1.67 IMP 
 WV 997 2 3 GRP 3 0.00 IMP 
 WV 998 2 3 GRP 3 0.00 IMP 
 WV 999 1 3 GRP 3 0.00 IMP 
       
 *1=hazard quotient<1, 2=hazard quotient>1   
 ** 0 = none reported, 1=first quantile, 2=second quantile, 3=downstream of valley fill 
 ***group class based on latitude, % boulder cover, stream temperature, and % slope 

 ****scoring is group specific – see Table 3   
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Figure 2.  Comparison of average salamander selenium concentrations across species at study areas (selenium 
source class) which had G. porphyriticus and a minimum of two additional species. 
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Figure 9.  Mean and standard deviation for average and maximum salamander selenium concentrations based on 
selenium sources. * and ** None reported and high emissions study areas differ significantly from respective 
valley fill study areas at p<0.05 based on ANOVA and Dunnett’s. 
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APPENDICES





  
Appendix A. Linear Regression Summary Output     
         

Regression Statistics        
Multiple R 0.897101368        
R Square 0.804790864        
Adjusted R Square 0.789774777        
Standard Error 1.547922028        
Observations 15        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 1 128.4175595 128.4176 53.59524 5.82427E-06    
Residual 13 31.14881388 2.396063      
Total 14 159.5663733          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 1.399571338 0.635351962 2.202828 0.046257 0.026977138 2.77216554 0.026977138 2.772165538
X Variable 1 1.156438735 0.157964503 7.320877 5.82E-06 0.815177241 1.49770023 0.815177241 1.49770023

 



Appendix B: Analytes, tissue composite concentrations, and detection limits. 
 

Available electronically upon request from: 
 

Kathleen Patnode 
U.S. Fish and Wildlife Service 

c/o U.S. EPA 
1060 Chapline St  Suite 303 
Wheeling  WV  26003-2995 
kathleen_patnode@fws.gov 

 
 



Matthew 
Klasen/DC/USEPA/US 

12/14/2010 08:48 AM

To Evelyn MacKnight, Stefania Shamet

cc Denis Borum, Gregory Peck, Diane Jones-Coleman, Jon 
Capacasa, Deborah Nagle, Tom Laverty, Marcus Zobrist, 
Sharmin Syed, Js Wilson, MichaelG Lee, Kevin Minoli

bcc

Subject Rahall incoming re: EPA 402 actions in Appalachia/WV 
(requesting R3 draft answers by COB Friday)

Evelyn and Stef:

The Administrator received a letter from Chairman Rahall last week regarding EPA's actions in reviewing 
Section 402 permits in Appalachia, and asking specific questions about the review process in WV.  The 
letter is attached below, and is in CMS under control # AL-10-002-0308.  

Given the letter's detailed focus on permit reviews in R3, I think it makes sense for R3 to take a first shot 
at answering the letter's specific questions (pasted below), and for Shawn to be the presumed signatory of 
the response.  Given the detailed nature of the questions and the need for consistency, however, I'm sure 
we in HQ (and Region 4) should be involved in reviewing the responses.

I'd like to see whether R3 could pull together draft responses to these questions by COB Friday (12/18) 
so that we can coordinate review among HQ and R4 early next week, and meet the 12/24 response date.  
Please let me know if this is a problem.  We can discuss this on the mining call at 10:30 if there are any 
questions.

Thanks,
Matt

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

Rahall Questions (copied and pasted from the letter ):
What criteria or considerations are used in concurring or objecting to a state-issued permit? 

To what extent are conductivity or total dissolved solids part of the consideration? What 
communication is involved with the applicant, and with outside groups?
How does the Region III office and EPA headquarters interact during the review process? 

Who directs the review? What authority does each office have to object to the decisions of 
the other?
How many objections (interim, general, and specific) has the EPA raised with Sec. 402 

permits in West Virginia? How many other 402 permits are likely to raise objections by 
EPA?
What is the timeline for resolving these objections? What arrangements might be established 

to expedite an application? What arrangements might be established to expedite resolution of 
any dispute(s) over an application? What are you doing to simplify and expedite the process? 
What progress have you made?
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Matthew 
Klasen/DC/USEPA/US 

12/14/2010 09:20 AM

To Gregory Peck

cc

bcc

Subject Re: Rahall incoming re: EPA 402 actions in Appalachia/WV 
(requesting R3 draft answers by COB Friday)

Sure -- just forwarded them the note, and told them we'd loop them in early next week once we get draft 
answers from R3.

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

Gregory Peck 12/14/2010 09:16:07 AMThanks Matt - can you share with R4 as well sin...

From: Gregory Peck/DC/USEPA/US
To: Matthew Klasen/DC/USEPA/US@EPA
Cc: Deborah Nagle/DC/USEPA/US@EPA, Denis Borum/DC/USEPA/US@EPA, Diane 

Jones-Coleman/DC/USEPA/US@EPA, Evelyn MacKnight/R3/USEPA/US@EPA, Jon 
Capacasa/R3/USEPA/US@EPA, Js Wilson/DC/USEPA/US@EPA, Kevin 
Minoli/DC/USEPA/US@EPA, Marcus Zobrist/DC/USEPA/US@EPA, MichaelG 
Lee/DC/USEPA/US@EPA, Sharmin Syed/DC/USEPA/US@EPA, Stefania 
Shamet/R3/USEPA/US@EPA, Tom Laverty/DC/USEPA/US@EPA, Nancy 
Stoner/DC/USEPA/US@EPA, Bob Sussman/DC/USEPA/US@EPA

Date: 12/14/2010 09:16 AM
Subject: Re: Rahall incoming re: EPA 402 actions in Appalachia/WV (requesting R3 draft answers by COB 

Friday)

Thanks Matt - can you share with R4 as well since the issues are similar to the recent KY response.

Matthew Klasen 12/14/2010 08:48:29 AMEvelyn and Stef: The Administrator received a le...

From: Matthew Klasen/DC/USEPA/US
To: Evelyn MacKnight/R3/USEPA/US@EPA, Stefania Shamet/R3/USEPA/US@EPA
Cc: Denis Borum/DC/USEPA/US@EPA, Gregory Peck/DC/USEPA/US@EPA, Diane 

Jones-Coleman/DC/USEPA/US@EPA, Jon Capacasa/R3/USEPA/US@EPA, Deborah 
Nagle/DC/USEPA/US@EPA, Tom Laverty/DC/USEPA/US@EPA, Marcus 
Zobrist/DC/USEPA/US@EPA, Sharmin Syed/DC/USEPA/US@EPA, Js 
Wilson/DC/USEPA/US@EPA, MichaelG Lee/DC/USEPA/US@EPA, Kevin 
Minoli/DC/USEPA/US@EPA

Date: 12/14/2010 08:48 AM
Subject: Rahall incoming re: EPA 402 actions in Appalachia/WV (requesting R3 draft answers by COB 

Friday)

Evelyn and Stef:

The Administrator received a letter from Chairman Rahall last week regarding EPA's actions in reviewing 
Section 402 permits in Appalachia, and asking specific questions about the review process in WV.  The 
letter is attached below, and is in CMS under control # AL-10-002-0308.  

Given the letter's detailed focus on permit reviews in R3, I think it makes sense for R3 to take a first shot 
at answering the letter's specific questions (pasted below), and for Shawn to be the presumed signatory of 
the response.  Given the detailed nature of the questions and the need for consistency, however, I'm sure 



we in HQ (and Region 4) should be involved in reviewing the responses.

I'd like to see whether R3 could pull together draft responses to these questions by COB Friday (12/18) 
so that we can coordinate review among HQ and R4 early next week, and meet the 12/24 response date.  
Please let me know if this is a problem.  We can discuss this on the mining call at 10:30 if there are any 
questions.

Thanks,
Matt

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

[attachment "10-002-0308 - Rahall NPDES Incoming.pdf" deleted by Gregory Peck/DC/USEPA/US] 

Rahall Questions (copied and pasted from the letter ):
What criteria or considerations are used in concurring or objecting to a state-issued permit? 

To what extent are conductivity or total dissolved solids part of the consideration? What 
communication is involved with the applicant, and with outside groups?
How does the Region III office and EPA headquarters interact during the review process? 

Who directs the review? What authority does each office have to object to the decisions of 
the other?
How many objections (interim, general, and specific) has the EPA raised with Sec. 402 

permits in West Virginia? How many other 402 permits are likely to raise objections by 
EPA?
What is the timeline for resolving these objections? What arrangements might be established 

to expedite an application? What arrangements might be established to expedite resolution of 
any dispute(s) over an application? What are you doing to simplify and expedite the process? 
What progress have you made?



Matthew 
Klasen/DC/USEPA/US 

12/14/2010 09:20 AM

To Jim Giattina

cc Chris Thomas, Philip Mancusi-Ungaro, Mark Nuhfer

bcc

Subject Fw: Rahall incoming re: EPA 402 actions in Appalachia/WV 
(requesting R3 draft answers by COB Friday)

Hi Jim,

Just wanted to make you and others in R4 aware of the following incoming letter from Chairman Rahall 
related to NPDES issues in WV.  Like the incoming letter from KY that you received after the objections, 
we'll need to coordinate the response to this letter among R3, R4, and HQ before we finalize the response 
(due by the 24th).

We'll set up a discussion on this early next week once we get responses back from R3.

Thanks,
Matt

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229
----- Forwarded by Matthew Klasen/DC/USEPA/US on 12/14/2010 09:17 AM -----

From: Matthew Klasen/DC/USEPA/US
To: Evelyn MacKnight/R3/USEPA/US@EPA, Stefania Shamet/R3/USEPA/US@EPA
Cc: Denis Borum/DC/USEPA/US@EPA, Gregory Peck/DC/USEPA/US@EPA, Diane 

Jones-Coleman/DC/USEPA/US@EPA, Jon Capacasa/R3/USEPA/US@EPA, Deborah 
Nagle/DC/USEPA/US@EPA, Tom Laverty/DC/USEPA/US@EPA, Marcus 
Zobrist/DC/USEPA/US@EPA, Sharmin Syed/DC/USEPA/US@EPA, Js 
Wilson/DC/USEPA/US@EPA, MichaelG Lee/DC/USEPA/US@EPA, Kevin 
Minoli/DC/USEPA/US@EPA

Date: 12/14/2010 08:48 AM
Subject: Rahall incoming re: EPA 402 actions in Appalachia/WV (requesting R3 draft answers by COB 

Friday)

Evelyn and Stef:

The Administrator received a letter from Chairman Rahall last week regarding EPA's actions in reviewing 
Section 402 permits in Appalachia, and asking specific questions about the review process in WV.  The 
letter is attached below, and is in CMS under control # AL-10-002-0308.  

Given the letter's detailed focus on permit reviews in R3, I think it makes sense for R3 to take a first shot 
at answering the letter's specific questions (pasted below), and for Shawn to be the presumed signatory of 
the response.  Given the detailed nature of the questions and the need for consistency, however, I'm sure 
we in HQ (and Region 4) should be involved in reviewing the responses.

I'd like to see whether R3 could pull together draft responses to these questions by COB Friday (12/18) 
so that we can coordinate review among HQ and R4 early next week, and meet the 12/24 response date.  
Please let me know if this is a problem.  We can discuss this on the mining call at 10:30 if there are any 
questions.

Thanks,
Matt



-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

Rahall Questions (copied and pasted from the letter ):
What criteria or considerations are used in concurring or objecting to a state-issued permit? 

To what extent are conductivity or total dissolved solids part of the consideration? What 
communication is involved with the applicant, and with outside groups?
How does the Region III office and EPA headquarters interact during the review process? 

Who directs the review? What authority does each office have to object to the decisions of 
the other?
How many objections (interim, general, and specific) has the EPA raised with Sec. 402 

permits in West Virginia? How many other 402 permits are likely to raise objections by 
EPA?
What is the timeline for resolving these objections? What arrangements might be established 

to expedite an application? What arrangements might be established to expedite resolution of 
any dispute(s) over an application? What are you doing to simplify and expedite the process? 
What progress have you made?



Matthew 
Klasen/DC/USEPA/US 

12/14/2010 09:38 AM

To Denis Borum

cc

bcc

Subject Re: Rahall incoming re: EPA 402 actions in Appalachia/WV 
(requesting R3 draft answers by COB Friday)

Oops, good point.

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

Denis Borum 12/14/2010 09:34:37 AMNote: Friday is the 17th.

From: Denis Borum/DC/USEPA/US
To: Matthew Klasen/DC/USEPA/US@EPA
Date: 12/14/2010 09:34 AM
Subject: Re: Rahall incoming re: EPA 402 actions in Appalachia/WV (requesting R3 draft answers by COB 

Friday)

Note: Friday is the 17th.

Matthew Klasen 12/14/2010 08:48:29 AMEvelyn and Stef: The Administrator received a le...

From: Matthew Klasen/DC/USEPA/US
To: Evelyn MacKnight/R3/USEPA/US@EPA, Stefania Shamet/R3/USEPA/US@EPA
Cc: Denis Borum/DC/USEPA/US@EPA, Gregory Peck/DC/USEPA/US@EPA, Diane 

Jones-Coleman/DC/USEPA/US@EPA, Jon Capacasa/R3/USEPA/US@EPA, Deborah 
Nagle/DC/USEPA/US@EPA, Tom Laverty/DC/USEPA/US@EPA, Marcus 
Zobrist/DC/USEPA/US@EPA, Sharmin Syed/DC/USEPA/US@EPA, Js 
Wilson/DC/USEPA/US@EPA, MichaelG Lee/DC/USEPA/US@EPA, Kevin 
Minoli/DC/USEPA/US@EPA

Date: 12/14/2010 08:48 AM
Subject: Rahall incoming re: EPA 402 actions in Appalachia/WV (requesting R3 draft answers by COB 

Friday)

Evelyn and Stef:

The Administrator received a letter from Chairman Rahall last week regarding EPA's actions in reviewing 
Section 402 permits in Appalachia, and asking specific questions about the review process in WV.  The 
letter is attached below, and is in CMS under control # AL-10-002-0308.  

Given the letter's detailed focus on permit reviews in R3, I think it makes sense for R3 to take a first shot 
at answering the letter's specific questions (pasted below), and for Shawn to be the presumed signatory of 
the response.  Given the detailed nature of the questions and the need for consistency, however, I'm sure 
we in HQ (and Region 4) should be involved in reviewing the responses.

I'd like to see whether R3 could pull together draft responses to these questions by COB Friday (12/18) 
so that we can coordinate review among HQ and R4 early next week, and meet the 12/24 response date.  
Please let me know if this is a problem.  We can discuss this on the mining call at 10:30 if there are any 
questions.



Thanks,
Matt

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

[attachment "10-002-0308 - Rahall NPDES Incoming.pdf" deleted by Denis Borum/DC/USEPA/US] 

Rahall Questions (copied and pasted from the letter ):
What criteria or considerations are used in concurring or objecting to a state-issued permit? 

To what extent are conductivity or total dissolved solids part of the consideration? What 
communication is involved with the applicant, and with outside groups?
How does the Region III office and EPA headquarters interact during the review process? 

Who directs the review? What authority does each office have to object to the decisions of 
the other?
How many objections (interim, general, and specific) has the EPA raised with Sec. 402 

permits in West Virginia? How many other 402 permits are likely to raise objections by 
EPA?
What is the timeline for resolving these objections? What arrangements might be established 

to expedite an application? What arrangements might be established to expedite resolution of 
any dispute(s) over an application? What are you doing to simplify and expedite the process? 
What progress have you made?



Michael 
Slimak/DC/USEPA/US 

12/14/2010 04:44 PM

To Matthew Klasen

cc

bcc

Subject Fw: Quick question: any SAB updates regarding mountaintop 
mining?

Matt:  See response below.  The draft SAB reports will be posted next week.  

Mike 
----- Forwarded by Michael Slimak/DC/USEPA/US on 12/14/2010 04:43 PM -----

From: Edward Hanlon/DC/USEPA/US
To: Michael Slimak/DC/USEPA/US@EPA
Cc: Stephanie Sanzone/DC/USEPA/US@EPA
Date: 12/14/2010 02:58 PM
Subject: re: Quick question: any SAB updates regarding mountaintop mining?

Hi Mike,
Thank you for your question.  The chartered SAB will be performing a Quality Review for the draft 

SAB Mountaintop Mining Aquatic Effects Report and draft Mountaintop Mining Conductivity Benchmark 
Report on January 19 between noon and 3 pm Eastern Time.  The Quality Review will be conducted via 
teleconference.  We plan to post these draft SAB reports onto the SAB Web Site next week, and will let 
you know as soon as possible once the draft reports have been posted.

Please contact Stephanie or me if you have any further questions or need any additional 
information.  Thanks

***********************************************************
Ed Hanlon
Designated Federal Officer
EPA Science Advisory Board Staff Office
202-564-2134 (phone/voice mail)
202-565-2098 (fax)
202-564-2221 (SAB main number)
hanlon.edward@epa.gov

Regular mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Ave., N.W.,  Washington, 
D.C.  20460

Office location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 
Pennsylvania Avenue, NW, Suite 31150, Washington, D.C.  20004

----- Forwarded by Edward Hanlon/DC/USEPA/US on 12/14/2010 01:29 PM -----

From: Michael Slimak/DC/USEPA/US
To: Stephanie Sanzone/DC/USEPA/US@EPA, Edward Hanlon/DC/USEPA/US@EPA
Date: 12/14/2010 01:24 PM
Subject: Fw: Quick question: any SAB updates?

Stephanie and Ed:  What's the status of the SAB reports on MTM and Conductivity?  Thanks. 
----- Forwarded by Michael Slimak/DC/USEPA/US on 12/14/2010 01:23 PM -----

From: Matthew Klasen/DC/USEPA/US
To: "Michael Slimak" <Slimak.Michael@epamail.epa.gov>



Date: 12/14/2010 01:20 PM
Subject: Quick question: any SAB updates?

OGC has asked for a blurb on the current status of SAB review for a hearing tomorrow on the guidance, 
and I wanted to make sure nothing's new on the process front (new drafts, meetings, transmittal to full 
SAB, etc.)?

Thanks,
Matt
 

Matt Klasen
U.S. Environmental Protection Agency
Office of Water 
(202) 566-0780
Cell (202) 380-7229



Matthew 
Klasen/DC/USEPA/US 

12/14/2010 04:46 PM

To Michael Slimak

cc

bcc

Subject Re: Fw: Quick question: any SAB updates regarding 
mountaintop mining?

Thanks!

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

Michael Slimak 12/14/2010 04:44:23 PMMatt:  See response below.  The draft SAB repor...

From: Michael Slimak/DC/USEPA/US
To: Matthew Klasen/DC/USEPA/US@EPA
Date: 12/14/2010 04:44 PM
Subject: Fw: Quick question: any SAB updates regarding mountaintop mining?

Matt:  See response below.  The draft SAB reports will be posted next week.  

Mike 
----- Forwarded by Michael Slimak/DC/USEPA/US on 12/14/2010 04:43 PM -----

From: Edward Hanlon/DC/USEPA/US
To: Michael Slimak/DC/USEPA/US@EPA
Cc: Stephanie Sanzone/DC/USEPA/US@EPA
Date: 12/14/2010 02:58 PM
Subject: re: Quick question: any SAB updates regarding mountaintop mining?

Hi Mike,
Thank you for your question.  The chartered SAB will be performing a Quality Review for the draft 

SAB Mountaintop Mining Aquatic Effects Report and draft Mountaintop Mining Conductivity Benchmark 
Report on January 19 between noon and 3 pm Eastern Time.  The Quality Review will be conducted via 
teleconference.  We plan to post these draft SAB reports onto the SAB Web Site next week, and will let 
you know as soon as possible once the draft reports have been posted.

Please contact Stephanie or me if you have any further questions or need any additional 
information.  Thanks

***********************************************************
Ed Hanlon
Designated Federal Officer
EPA Science Advisory Board Staff Office
202-564-2134 (phone/voice mail)
202-565-2098 (fax)
202-564-2221 (SAB main number)
hanlon.edward@epa.gov

Regular mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Ave., N.W.,  Washington, 



D.C.  20460

Office location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 
Pennsylvania Avenue, NW, Suite 31150, Washington, D.C.  20004

----- Forwarded by Edward Hanlon/DC/USEPA/US on 12/14/2010 01:29 PM -----

From: Michael Slimak/DC/USEPA/US
To: Stephanie Sanzone/DC/USEPA/US@EPA, Edward Hanlon/DC/USEPA/US@EPA
Date: 12/14/2010 01:24 PM
Subject: Fw: Quick question: any SAB updates?

Stephanie and Ed:  What's the status of the SAB reports on MTM and Conductivity?  Thanks. 
----- Forwarded by Michael Slimak/DC/USEPA/US on 12/14/2010 01:23 PM -----

From: Matthew Klasen/DC/USEPA/US
To: "Michael Slimak" <Slimak.Michael@epamail.epa.gov>
Date: 12/14/2010 01:20 PM
Subject: Quick question: any SAB updates?

OGC has asked for a blurb on the current status of SAB review for a hearing tomorrow on the guidance, 
and I wanted to make sure nothing's new on the process front (new drafts, meetings, transmittal to full 
SAB, etc.)?

Thanks,
Matt
 

Matt Klasen
U.S. Environmental Protection Agency
Office of Water 
(202) 566-0780
Cell (202) 380-7229



Matthew 
Klasen/DC/USEPA/US 

12/15/2010 09:50 AM

To Stefania Shamet

cc Evelyn MacKnight

bcc

Subject Re: Fw: Rahall incoming re: EPA 402 actions in 
Appalachia/WV (requesting R3 draft answers by COB Friday)

I'm still working on it, but I should be able to send around a first shot around lunchtime.

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

Stefania Shamet 12/15/2010 09:41:15 AMCan you send us your draft boilerplate please?

From: Stefania Shamet/R3/USEPA/US
To: Matthew Klasen/DC/USEPA/US@EPA
Cc: Evelyn MacKnight/R3/USEPA/US@EPA
Date: 12/15/2010 09:41 AM
Subject: Re: Fw: Rahall incoming re: EPA 402 actions in Appalachia/WV (requesting R3 draft answers by 

COB Friday)

Can you send us your draft boilerplate please?

Matthew Klasen 12/15/2010 07:35:04 AMEv and Stef,  Just wanted to check in to see whe...

From: Matthew Klasen/DC/USEPA/US
To: Evelyn MacKnight/R3/USEPA/US@EPA, Stefania Shamet/R3/USEPA/US@EPA
Date: 12/15/2010 07:35 AM
Subject: Fw: Rahall incoming re: EPA 402 actions in Appalachia/WV (requesting R3 draft answers by COB 

Friday)

Ev and Stef,

Just wanted to check in to see whether the Friday timeline for the Rahall question responses will work for 
you?  We'll pull together a draft boilerplate framework for the rest of the letter by Friday, responding to his 
more general concerns, and including a place to plug in answers to the four specific questions.

Thanks,
Matt

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229
-----Forwarded by Matthew Klasen/DC/USEPA/US on 12/14/2010 11:51PM -----

To: Evelyn MacKnight/R3/USEPA/US@EPA, Stefania Shamet/R3/USEPA/US@EPA
From: Matthew Klasen/DC/USEPA/US
Date: 12/14/2010 08:48AM



Cc: Denis Borum/DC/USEPA/US@EPA, Gregory Peck/DC/USEPA/US@EPA, Diane 
Jones-Coleman/DC/USEPA/US@EPA, Jon Capacasa/R3/USEPA/US@EPA, Deborah 
Nagle/DC/USEPA/US@EPA, Tom Laverty/DC/USEPA/US@EPA, Marcus Zobrist/DC/USEPA/US@EPA, 
Sharmin Syed/DC/USEPA/US@EPA, Js Wilson/DC/USEPA/US@EPA, MichaelG 
Lee/DC/USEPA/US@EPA, Kevin Minoli/DC/USEPA/US@EPA
Subject: Rahall incoming re: EPA 402 actions in Appalachia/WV (requesting R3 draft answers by COB 
Friday)

Evelyn and Stef:

The Administrator received a letter from Chairman Rahall last week regarding EPA's actions in reviewing 
Section 402 permits in Appalachia, and asking specific questions about the review process in WV.  The 
letter is attached below, and is in CMS under control # AL-10-002-0308.  

Given the letter's detailed focus on permit reviews in R3, I think it makes sense for R3 to take a first shot 
at answering the letter's specific questions (pasted below), and for Shawn to be the presumed signatory 
of the response.  Given the detailed nature of the questions and the need for consistency, however, I'm 
sure we in HQ (and Region 4) should be involved in reviewing the responses.

I'd like to see whether R3 could pull together draft responses to these questions by COB Friday  ( 12/18 ) 
so that we can coordinate review among HQ and R4 early next week, and meet the 12/24 response date.  
Please let me know if this is a problem.  We can discuss this on the mining call at 10:30 if there are any 
questions.

Thanks,
Matt

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

(See attached file: 10-002-0308 - Rahall NPDES Incoming.pdf)

Rahall Questions (copied and pasted from the letter ):
What criteria or considerations are used in concurring or objecting to a 
state-issued permit? To what extent are conductivity or total dissolved solids part 
of the consideration? What communication is involved with the applicant, and 
with outside groups?
How does the Region III office and EPA headquarters interact during the review 
process? Who directs the review? What authority does each office have to object 
to the decisions of the other?
How many objections (interim, general, and specific) has the EPA raised with 
Sec. 402 permits in West Virginia? How many other 402 permits are likely to 
raise objections by EPA?
What is the timeline for resolving these objections? What arrangements might be 
established to expedite an application? What arrangements might be established 
to expedite resolution of any dispute(s) over an application? What are you doing 
to simplify and expedite the process? What progress have you made?

[a tachment "10 002 0308 - Raha l NPDES ncoming pdf" dele ed by Ste ania Shame/R3/USEPA/US] 





Marcel 
Tchaou/DC/USEPA/US 

12/15/2010 06:41 PM

To Ross Geredien

cc Christopher Hunter, Palmer Hough, Julia McCarthy

bcc

Subject Re: Hunton-Williams comments

These are my comments from the Hunton-Williams document

*******************************************************
Marcel K. Tchaou, Ph.D., P.E., P.H.
Environmental Engineer
Wetlands & Aquatic Resources Regulatory Branch
Office of Wetlands, Oceans and Watersheds
U.S. EPA
1200 Pennsylvania Avenue, NW (MC 4502T)
Washington, DC 20460
202-566-1904

Julia McCarthy 12/15/2010 01:54:31 PMHere are mine!  Julia McCarthy on detail to USE...

From: Julia McCarthy/R8/USEPA/US
To: Ross Geredien/DC/USEPA/US@EPA
Cc: Christopher Hunter/DC/USEPA/US@EPA, Marcel Tchaou/DC/USEPA/US@EPA, Palmer 

Hough/DC/USEPA/US@EPA
Date: 12/15/2010 01:54 PM
Subject: Re: Hunton-Williams comments

Here are mine! 
[attachment "Response to Comments.jmm.doc" deleted by Marcel Tchaou/DC/USEPA/US] 
Julia McCarthy
on detail to USEPA Headquarters
Office of Wetlands, Oceans and Watersheds
(202) 566-1660
mccarthy.julia@epa.gov

A land ethic, then, reflects the existence of an ecological conscience, and this in turn reflects a connection 
of individual responsibility for the health of the land. Health is the capacity of the land for self-renewal.  
Conservation is our effort to understand and preserve this capacity. ~Aldo Leopold

Ross Geredien 12/15/2010 09:02:25 AMHere are my broken out comments:  Ross Geredien

From: Ross Geredien/DC/USEPA/US
To: Palmer Hough/DC/USEPA/US@EPA, Julia McCarthy/R8/USEPA/US@EPA, Marcel 

Tchaou/DC/USEPA/US@EPA
Cc: Christopher Hunter/DC/USEPA/US@EPA
Date: 12/15/2010 09:02 AM
Subject: Hunton-Williams comments



Here are my broken out comments:

[attachment "Hunton Williams Comments.docx" deleted by Julia McCarthy/R8/USEPA/US] 

Ross Geredien
ORISE Fellow
EPA Office of Wetlands, Oceans, and Watersheds
202-566-1466
Geredien.ross(AT)epa.gov



I. Introduction  
 

Because the Recommended Determination finds no support in law or fact, Mingo Logan strongly 
urges the Administrator to rescind the Recommended Determination. 
 

II. EPA Must Meet a High Standard Under Section 404(c), Especially After a Permit 
Has Been Issued 

A. Congress Provided EPA With Only a Limited Authority Under Section 404(c) 
 

In particular, the statute requires EPA to show that the “discharge of fill material” into “waters of 
the United States” will have unacceptable adverse effects on very specific resources. Both the 
text and legislative history of 404(c) make clear that Congress intended 404(c) to be a limited 
and constrained authority. Indeed, Congress characterized the resources identified in 404(c) as 
“critical areas.”9 The statute also requires EPA to establish that the discharge of fill material into 
waters of the United States “will have an unacceptable adverse effect” on at least one of these 
critical resources. 33 U.S.C. § 1344(c) (emphasis added). EPA cannot meet this burden based on 
speculation or possibility, but must establish a strong degree of certainty that the effects “will” 
occur. 
 
EPA may not base its 404(c) action on impacts from 402 discharges; nor may it base its action on 
impacts caused by non-fill related mining activity occurring outside “waters of the United 
States.” See Coeur Alaska, Inc. v. Southeast Alaska Conservation Council, 129 S.Ct. 2458, 2467-
68 (2009); Cmt. at 4, 41-43, 105-06. It is clear that the text of Section 404(c) is limited to the 
resources listed in Section 404(c). See 40 C.F.R. § 231.2(e). As Mingo Logan explained in its 
initial comment, the 404(c) resources are therefore included to the exclusion of other resources, 
areas and concerns. Cmt. at 66-67 
 

B. EPA’s Regulations Can Not Alter the Statutory Requirements Nor Provide EPA 
Unbounded Discretion 
 

Mingo Logan does not believe that EPA’s regulations adequately account for what Congress 
intended “unacceptable” to mean within the context of 404(c). “Unacceptable,” like 
“significant,” is a relative term that must be weighed against the endangerment of the species, the 
size of the project, and any economic benefit from the project. The word “unacceptable” is either 
so broad as to not provide EPA with a meaningful standard to apply, or is a relative term that is 
not adequately accounted for in EPA’s regulations. EPA construes “unacceptable” to mean 
unacceptable to EPA, which if true would be an improper delegation of legislative authority. 
 
Despite reference to the 404(b)(1) guidelines, EPA recognized that Section 404(c) does not 
incorporate the full range of those guidelines. In fact, EPA originally proposed, but rejected, 
404(c) regulations providing that the “404(b)(1) guidelines provide the substantive criteria by 
which the acceptability of a proposed discharge is to be judged.” 44 Fed. Reg. at 14,579. EPA 
rejected such a broad incorporation because such a standard was “misleading, since the 
guidelines are concerned with a greater range of resources than 404(c) is. To avoid any 
misunderstanding [regarding the scope of EPA’s definition], the reference now reads, ‘the 
relevant portions of the section 404(b)(1) guidelines.’” 44 Fed. Reg. at 58,078. Accordingly, 
EPA can not point to the Guidelines writ large to inform its findings under 404(c).12 Finally, 



EPA’s final definition acknowledges that EPA must demonstrate a “significant” adverse effect 
on one of these critical areas. 

 

C. EPA Has Set a Higher Standard Post-Permit 
 

When EPA published its final 404(c) regulations, its preamble to those regulations wrongly 
claimed the authority to act after the Corps had issued a Section 404 permit. But in making that 
claim, EPA recognized that “an important distinction should be drawn” between the agency’s 
404(c) authority before a permit has been issued and after. Mingo Logan disputes this authority. 
 
EPA stated that: it would be inappropriate to use 404(c) after issuance of a permit where the 
matters at issue were reviewed by EPA without objections during the permit proceeding, or 
where the matters at issue were resolved to EPA's satisfaction during the permit proceeding, 
unless substantial new information is first brought to the Agency's attention after issuance. 
 
EPA must demonstrate that the authorized discharges will result in an unusual loss or damage to 
a 404(c) critical area, such that it has serious consequences for the species community or the 
surrounding ecosystem. Impacts that are routine in the 404 context, or impacts that do not have a 
significant impact on the species community or surrounding aquatic ecosystem are not 
“significant.”  . 
 
EPA expressly acknowledged that it would be wrong to exercise its 404(c) authority where 
issues were raised and addressed during the permit proceeding. Instead, EPA promised to 
undertake 404(c) only in situations where there was substantial new information indicating 
significant impacts to critical 404(c) resources. Accordingly, even under EPA’s own view of its 
regulations, the 404(c) standard pre-permit is high; the standard postpermit is even higher. 
 
As demonstrated below, the Recommended Determination violates EPA’s commitment to 
exercise Section 404(c) sparingly. EPA reviewed all of the matters raised in the Recommended 
Determination over the course of the extensive permitting process, either in SMCRA, National 
Environmental Policy Act (“NEPA”), CWA Section 404, 402, and 401 processes, and consented 
to the issuance of the 404 permit. See Coeur Alaska, Inc., 129 S. Ct. at 2465. The Recommended 
Decision has not raised any “substantial” new information, but relies entirely on issues that were 
raised and addressed in the permit proceedings. See Letter from Scott Mandirola, Acting Dir., 
WVDEP, to Col. Robert Peterson, Dist. Eng’r, Corps, Huntington Dist. at 3 (Sep. 25, 2009), 
Cmt. Ex. 26 (hereinafter “Mandirola Letter”) (“This is the most heavily studied and scrutinized 
surface mining coal operation in the history of [West Virginia]”). 
 
Indeed, the Corps recognized EPA’s failure to raise new information. In response to EPA’s 
request that the Corps suspend Mingo Logan’s 404 permit, pending EPA’s 404(c) action, the 
Corps evaluated the issues raised and stated that “USEPA neither points to any new facts or 
circumstances nor identifies any significant permit objections which were not earlier 
considered.” Robert D. Peterson, Corps, Memorandum for Record at 22 (Sep. 30, 2009) 
(refusing to suspend the permit because the Corp’s regulations, 33 C.F.R. § 325.7, require that 
new circumstances or objections be raised), Cmt. Ex. 5. Indeed, even the district court in the 
pending litigation acknowledged that the issues raised by EPA are not new. See Ohio Valley 



Envtl. Coal. v. U.S. Army Corps of Eng’rs, Nos. 3:05-0784 and 3:06-0438 slip op. at 3 (S.D. W. 
Va. Sep. 15, 2009) (“…the EPA letter [of September 3, 2009] does not provide substantial new 
information regarding the Spruce No. 1 permit.”). 
 
III. EPA Fails To Establish That the Permitted Discharges Will Raise Selenium Levels 
To Cause an Unacceptable Adverse Effect on 404(c) Resources 
 
To base any action under Section 404(c) on concerns about selenium, EPA must demonstrate 
that the permitted discharges into Pigeonroost and Oldhouse will cause selenium levels that will 
have unacceptable adverse effect on a 404(c) resource. EPA has not met its burden. EPA 
provides no information to suggest that selenium levels in Spruce Fork will rise, that existing or 
likely selenium levels will cause an unacceptable adverse effect on a 404(c) resource, or that 
EPA’s projected rise in selenium levels would be caused by the 404 discharges instead of upland 
areas of the Spruce No. 1 Mine. 
 
Selenium was carefully examined and addressed during the permitting process. Consequently, 
the SMCRA permit and the 402 permit impose measures to ensure compliance with the State of 
West Virginia’s selenium criteria, and protect water uses and the aquatic ecosystem. EPA 
consented to these permit conditions, does not suggest that Mingo Logan has failed to comply 
with them, and does not demonstrate that the measures will be ineffective. Most importantly, 
selenium levels are appropriately low in the areas of concern to EPA, and EPA provides no 
information to suggest that this will change. Instead, EPA bases its entire discussion of selenium 
on unsupportable comparisons that ignore the measures that Mingo Logan must take to minimize 
selenium loading downstream. 
 

A. Selenium Was Addressed During the Permitting Process, and EPA Provides No 
New Information To Justify its Recommended Determination 
 

EPA objected to the initial issuance of the Section 402 permit in 1998, but withdrew its objection 
upon the addition of several conditions. See Cmt. at 28-29. EPA objected to the modification in 
2002, but again withdrew its objection after the West Virginia Department of Environmental 
Protection (“WVDEP”) agreed to add selenium monitoring to all of the outlets (including 
internal outlets, referred to as “on bench structures”), and add the selenium materials handling 
plan as a condition of the Section 402 permit. Id. at 31-32; Letter from Allyn Turner, Dir., Div. 
of Water Resources, WVDEP, to Jon Capacasa, Acting Dir., Water Prot. Div., EPA Region III 
(Oct. 28, 2002), Cmt. Ex. 23. As a result, Condition 16 of the Section 402 Permit(from the 
modification approved June 24, 2003) specifies that a feasibility study will be conducted to 
identify selenium bearing strata and the locations of the drill holes for testing. EPA did not object 
to the modification in 2005 that created the current, smaller mine configuration, but instead 
consented to the existing configuration and surface water control plan. Cmt. at 32-33. WVDEP 
nonetheless imposed selenium limits on all outfalls from 404 discharges in Pigeonroost and 
Oldhouse. Cmt. § II.D. EPA had the authority under CWA Section 402(d) to halt the permitting 
process, but instead consented to the issuance of the permit. Cmt. at 33. 
 
The Section 402 permit was renewed in 2004 and 2007, also without objection from EPA. Cmt. 
at 33 



 
The Corps also thoroughly studied selenium in the 404 permitting process, and EPA raised 
concerns about selenium levels in the NEPA process, via letter of June 16, 2006. Letter from 
Donald Welsh, Reg’l Adm’r, EPA Region III, to Ginger Mullins, Chief, Regulatory Branch, 
Corps, Huntington Dist. (June 16, 2006), Cmt. Ex. 6 at 3. The Corps responded to each of EPA’s 
concerns in the Final EIS (“FEIS”), in supplement to the Corps’ own comprehensive 
consideration of selenium. See Draft EIS (“DEIS”) (Mar. 2006), page v; Chapter 2, pages 2-42, 
2-51, 2-63, 2-68; Chapter 3, pages 3-40, 3-50, 3-52, 3-93 through 3-94, and 3-101 
 
On December 19, 2005, West Virginia issued a water quality certification to Mingo Logan 
pursuant to CWA § 401. Ltr. from Randy Huffman, Dir., WVDEP, to Ginger Mullins, Chief, 
Operations & Readiness Div., Corps, Huntington Dist. (Dec. 19, 2005), Cmt. Ex. 9. To do so, 
West Virginia necessarily determined that the project would not cause or contribute to a violation 
of the State’s water quality standards, including the water quality criteria for selenium. Cmt. Ex. 
9 at 2; W. VA. CODE R. §§ 47-2-8; 47-2 App. E. This 401 certification conclusively determined 
that the project would not violate water quality standards or the state’s antidegradation policy. 
See Ohio Valley Envtl. Coal v. Aracoma Coal Co., 556 F.3d 177, 208 (4th Cir. 2009), cert. 
dismissed, 2010 WL 3260662 (U.S. Aug. 19, 2010) (No. 09-247, R46-024) (hereinafter 
“OVEC”) (“[a] § 401 certification is considered conclusive, and no independent analysis of the 
certification [by federal agencies] is required”). West Virginia does not expect that the 404 
discharges will violate the applicable water quality criteria for selenium and EPA provides no 
reason to think otherwise. See Memorandum for Record at 7, Cmt. Ex. 5 
 

1. The Section 402 and SMCRA Permits Require Material Handling Techniques 
Designed To Minimize Selenium Discharges and Set Appropriate Selenium 
Discharge Limits 

 
Thus, unlike past practices, no materials with significant selenium content will be placed either 
in a water of the United States or anywhere in an excess spoil valley fill. Rather, the materials 
will be placed above the mine bench is areas isolated from water flows. Yet the Recommended 
Decision either ignores these requirements or unjustifiably assumes that Mingo Logan will not 
comply with them. 
 
The surface water control plan for the Spruce No. 1 Mine, to which EPA consented, also sets 
permit limits for Outlets 001, 002, 003, and 004, and mandates selenium monitoring at all other 
outlets.16 All of the authorized discharges from the permitted fills in Pigeonroost and Oldhouse 
discharge into Outlets 001, 002, and 003.17 EPA complains that the Section 402 permit only 
establishes selenium limits at some outfalls, but does not note that those permitlimited outfalls 
are the ones that will ultimately discharge downstream of the 404 permitted fills. 
 
EPA also seems to misunderstand the creation and function of surface water control plans. For a 
number of reasons, it is the dominant practice for some outfalls to have limits, and some to have 
only monitoring. 
 

2. All Available Data Suggests That the Fish Assemblage in Spruce Fork Is 
Healthy, and Selenium Levels Are Low 



 
EPA’s primary concern related to selenium is the fish population downstream of Spruce No. 1 
Mine in Spruce Fork. But EPA acknowledges that the fish population in downstream Spruce 
Fork is “in relatively good condition” and has remained virtually unchanged for the past 60 years 
despite decades of surface and underground mining upstream and downstream of the Spruce No. 
1 Mine. RD at 31, 32, 60. EPA does not present any data for selenium bioaccumulation in fish 
from Spruce Fork. As a result, the only relevant data points are the selenium levels in Spruce 
Fork, and the selenium levels in the discharges from the Spruce No. 1 Mine into Spruce Fork. 
Neither of these supports any concern about selenium. 
 
The selenium permit limitations for Outlets 001, 002, 003, and 004 is 4.7 chronic, and 8.2 acute. 
See CH2M HILL, “Technical Evaluation Document Spruce No. 1 Mine, West Virginia” (June 
2010), Cmt. App. at 27, Table 1 (hereinafter “TED”); Section 402 Permit No. WV1017021, Cmt. 
Ex. 12 
 
Outlet 004 is a vestige of the previous mine plan, to which EPA also consented, which had 
authorized discharges into White Oak Branch. 
 
Spruce No. 1 Mine’s combined impact on Spruce Fork, along with the Spruce Fork watershed 
upgradient of the mine, can be measured at the point on Spruce Fork just downstream of the 
three receiving waters. Selenium levels at this point have varied between 0.3 μg/L to 2.45 μg/L, 
and none of the values exceeded 2.9 μg/L.18 Id. Moreover, not only do the most relevant 
sampling points demonstrate no cause for concern, the selenium levels related to the Spruce No. 
1 Mine have been going down (instead of rising, as EPA contends). RD at 39 n.10, 40, 45. From 
January 2007 to December 2008, levels have averaged 1.99 μg/L, but since December 2008, the 
average has been 1.36 μg/L. 
 

B. EPA’s Comparison to Dal-Tex and Other Older Mining Sites Is Unjustifiable 
 

EPA relies on comparisons between the Spruce No. 1 Mine and the Dal-Tex Complex to show 
that selenium levels in Spruce Fork will rise. But differences in mining practices, the extent and 
manner of coal seam mining, and material handling techniques at the two mine sites render such 
comparison technically inappropriate.19 See Cmt. at 113-14; TED2 § 3.1.2. Inexplicably, EPA 
dismisses Mingo Logan’s materials handling plan out of hand, with no supporting data, and does 
not consider that the comparison sites were all mined without materials handling techniques (or 
any attempt to control selenium). 
 
At the outset of its section on adverse impacts, EPA erroneously argues that “impacts from the 
Mingo Logan Dal-Tex operation are likely to be a good predictor of impacts [to water quality 
and aquatic life health] from the Spruce No. 1 Mine.” RD at 37. To support this statement, EPA 
wrongly claims that the Corps agrees, and quotes from the Corps’ DEIS section on “Mineral 
Resources”: 
“[t]he past and present impacts to topography, geology, and mineral resources of the previous 
mining along the western side of Spruce Fork are similar to the anticipated impacts of the Spruce 
No. 1 Mine, as mining is to occur in the same strata.” 



Id. (emphasis added). EPA misrepresents that the Corps’ statement about the rock and coal to be 
extracted is an “acknowledge[ment] by the Huntington District Corps of Engineers” that the 
Corps agrees with EPA’s claims regarding comparative impacts to water quality, aquatic life 
health, and the ecosystem generally. Id. Obviously, the Corps said nothing of the sort. See DEIS 
at 3-15. In fact, the Corps wrote in the DEIS that “[o]verall, it would be anticipated that the 
Spruce No. 1 Mine would only contribute minimally to cumulative impacts on surface water 
quality.” DEIS at v. That EPA begins its presentation of adverse impacts with such a blatant 
misrepresentation foreshadows the lack of technical rigor in the remainder of the Recommended 
Determination. 
 
The data from Outlet 15 (shown in Figure 10, RD at 43) are not relevant for comparison to 
potential discharges from the Spruce No. 1 Mine. Outlet 15 at the Dal-Tex Complex is the 
discharge from an abandoned underground mine in the Coalburg seam that is discharged to an 
entirely different watershed (Pine Fork, a tributary in the Guyandotte River system). The 
discharge is not the result of a surface mine or valley fill and does not represent anything similar 
to what may result from valley fill from the Spruce No. 1 Mine. TED2 § 3.1.2. 
 

1. The Dal-Tex Complex and the Spruce No. 1 Mine Are Not Geographically 
Comparable 

 
EPA misleadingly suggests that the Spruce No. 1 Mine is geographically comparable to the Dal-
Tex Complex. See RD at 10.21 In fact, the Dal-Tex Complex is nearly three times larger than the 
Spruce No. 1 Mine. The Dal-Tex Complex encompasses approximately 6,630 acres and includes 
11 surface mining permits, 9 underground mining permits, and 11 surface ancillary facilities 
permits. DEIS § 1.1.2. In contrast, the permit area for Spruce No. 1 Mine consists of 2,278 acres, 
or 34 percent of the area of the Dal-Tex Complex. The significantly larger watershed of the Dal-
Tex Complex renders inappropriate EPA’s reliance on Dal-Tex data to predict water quality 
impacts from the Spruce No. 1 Mine.22 Moreover, the coal seams at the Spruce No. 1 mine will 
be mined in a significantly different manner, rendering the comparison to Dal-Tex even less 
justifiable. TED2 § 3.1.2. 
 
EPA actually repeats its reference to this misleading statement at the beginning of its section on 
macroinvertebrates. See RD at 51. Without any analysis or supporting data, EPA uses this 
deliberate misstatement as the sole basis for its comparison to the Dal-Tex Complex. 
 
To sensationalize this overstatement, EPA includes an absurd overlay of the project boundaries 
on downtown Pittsburgh, Pennsylvania. See RD at 11. As can be seen in Exhibit 3, which 
portrays the project boundaries over the actual city limits, EPA has grossly misrepresented the 
size of Pittsburgh to the benefit of its inflammatory superimposition. 
 
A simple back of the envelope calculation suggests that if the Spruce No. 1 Mine is 1/3 the size 
of the Dal-Tex Complex, it should be expected to have 1/3 of the water quality impacts. And that 
does not account for the materials handling plan, the site management plan, and the fact that 
selenium levels from Dal-Tex are coming from the entire mine, not just the authorized 
discharges. Yet, EPA proposes to compare the Dal-Tex Complex to the Spruce No. 1 Mine on a 



1:1 ratio, ignoring important materials handling differences, and assuming, without any support, 
that all selenium comes from the authorized fills. 
 
Additionally, as Mingo Logan noted in its earlier comments, while the boundaries of its surface 
mining permit represent one of the larger individual surface mining permits issued by WVDEP, 
the boundaries of the mining complex are nowhere near as large as many others in the State. At 
those other operations, smaller individual and adjacent surface mining and Corps’ permits reveal 
much larger overall mining operations. Cmt. at 161. 
 

2. Historical Mining at Dal-Tex, Lacking the Benefits of Modern Mining 
Techniques, Greatly Influences Downstream Impacts 

 
As such, the Dal-Tex Mine site has multiple and significantly different source areas that provide 
selenium loading to the watershed than those of the Spruce No. 1 Mine. 
 
In addition to its erroneous comparison to the Dal-Tex Complex, EPA attempts to compare the 
Spruce No. 1 Mine to other (frequently unspecified) “similar projects.” See, e.g., RD at 36. As 
with the comparisons to the Dal-Tex Complex, these comparisons are nullified by geological 
differences, historical mining practices, and material handling practices. Thus, EPA’s 
comparison of rock cores to Gut Fork Mine ignores the fact that selenium mobilization is 
expected to be different because of differences in waste handling procedures between the two 
mines. RD at 37. A marked difference in selenium handling also sharply distinguishes EPA’s 
attempted comparisons to other Mingo Logan mines. RD at 45 n.13. EPA also argues that 
selenium criterion exceedances at other creeks in the Coal River Sub-basin with similar geology 
“support a prediction that construction of the Spruce No. 1 Mine as currently authorized will 
result in elevated levels of selenium in downstream waters.” Id. at 39 n.10. As with the other 
comparisons, this is not relevant to the Spruce No. 1 Mine unless EPA can provide evidence that 
material handling practices used at source areas in those watersheds were similar to those used 
for the Spruce No. 1 Mine. The Recommended Determination provides no such information. 
 

C. EPA Ignores Information Provided by Mingo Logan and Provides No 
Information To Suggest That the Authorized Fills Will Cause Selenium Levels To 
Rise 
 

EPA vainly attempts to discount the extensive consideration that was given to selenium in the 
permitting process, discredit the comprehensive surface management plan, and postulate 
selenium concerns where none exist. Each of EPA’s arguments ignores crucial information. 
Importantly, EPA provides no reason to doubt that the comprehensive surface management plan 
will work to effectively limit selenium discharges downstream. Even if EPA were not bound by 
West Virginia’s conclusive Section 401 certification, EPA presents no reason to doubt West 
Virginia’s conclusions. 

1. EPA Has Not Shown a Violation of the Applicable Selenium Criteria at the 
Spruce No. 1 Mine 

 
The Recommended Determination claims that certain outlets at the Spruce No. 1 Mine have 
violated chronic water quality standards for selenium, and that therefore future violations are 



expected. RD at 46-47. But the data EPA supplies do not support this assertion. Instead, EPA’s 
argument manifests a fundamental misunderstanding of water quality standards. 
 
As with the Proposed Determination, it appears that EPA is claiming authority over water quality 
through the Corps’ exclusive authority to apply the 404(b)(1) guidelines. EPA begins its section 
on water chemistry by stating, in part, that “[t]he Section 404(b)(1) Guidelines direct that no 
permit should issue if the discharge will cause or contribute to violations of applicable water 
quality standards . . .” RD at 38. However, Section 404 of the CWA dictates that it is the Corps, 
and not EPA, that has the authority to enforce the 404(b)(1) guidelines. 33 U.S.C. § 1344(b)(1); 
see Cmt. at 69. 
 

a. EPA Conflates the Acute and Chronic Water Quality Criteria 
 
EPA’s argument misrepresents and conflates acute and chronic water quality criteria. EPA states 
that “[a] technical review of the submitted 16 monthly [Discharge Monitoring Report (“DMR”)] 
records for the Spruce No. 1 Outlet 028 document the maximum values exceeded the chronic 
selenium water quality criteria of 5 μg/L on six occasions . . .” Id. at 44.26 Yet EPA relies on just 
one or two measurements of selenium levels each month. See RD Table 4 at 46; RD Fig. 12 at 45 

The West Virginia chronic criterion, however, is not intended to measure individual samples. To 
measure a single instance, the appropriate metric is the acute criterion of 20 μg/L, which is a 
“[o]ne hour average concentration not to be exceeded more than once every three years on the 
average, unless otherwise noted.” W.VA. CODE R. 47-2-8 (App. E, Table 1 Parameter 8-27). 
EPA points to not even a single instance of a violation of the acute criterion at either Outfall 028 
or Outfall 017. Moreover, even if EPA could show selenium above 20 μg/L at either of these 
outlets, data from neither outlet is useful to predict any selenium exceedance from the permitted 
discharges, as explained below.28 TED2 § 3.1.3. 
 
The West Virginia chronic criterion, which EPA misleadingly represents as 5 μg/L per sampling 
event, is actually a "[f]our-day average concentration not to be exceeded more than once every 
three years on the average, unless otherwise noted.” W.VA. CODE R. 47-2-8 (App. E, Table 1, 
Parameter 8.27). As a result, EPA presents no data in the Recommended Determination or 
appendices that shows or suggests that outlet 028 has ever exceeded the chronic selenium water 
quality criterion.29 TED2 § 3.1.3. 
 
The column in Table 4 that EPA labels as the “Sample Date” is actually the “report date.” RD at 
46. The samples were taken on different days, and this error explains why the chart reflects more 
than one sample per month, but only one sample day each month. It also explains why every 
sample date conveniently fell on the last day of each month.  
EPA published guidance in 1987 that suggested states should adopt the 5 parts per billion 
(“ppb”) (chronic) and 20 ppb (acute) standards. See “Ambient Water Quality Criteria for 
Selenium-1987” (EPA 440/5-87-008) (cited at 65 Fed. Reg. 35,283, 35,284 (June 2, 2000)). EPA 
did not itself issue a rule requiring use of these standards until 1995, when it issued them as part 
of its “Revocation of the Selenium Criterion Maximum Concentration for the Final Water 
Quality Guidance for the Great Lakes System.” See 65 Fed. Reg. at 35,283. EPA was sued over 
that rulemaking. One part of that lawsuit involved a challenge to EPA’s acute selenium criterion 



to protect aquatic life. See Am. Inst. of Iron & Steel v. EPA, 115 F.3d 979 (“AISI”), 1003 n.7 
(D.C. Cir. 1997); 65 Fed. Reg. at 35,283. The challenge included claims that:  

inorganic selenium has two oxidation states, selenite and selenate, that have different 
toxicities to aquatic life, and that EPA erred by promulgating a single acute criterion that 
failed to properly account for the two oxidation states. 

65 Fed. Reg. at 35,284. Faced with this challenge, EPA agreed that it should propose a new 
approach after soliciting public comments. Id. Accordingly, EPA moved to remand the acute 
criterion to allow EPA to propose additions. Id. The Circuit Court then issued an order vacating 
the acute selenium standard after noting that “[t]he regulations are seriously deficient.” AISI v. 
EPA, No. 95-1348 (D.C. Cir. Sep. 19, 1996 Order). 
 
EPA also contends that “[s]elenium concentration in excess of the chronic criterion were also 
reported from Outlet 017.” RD at 45. On September 3, 2009, Outlet 017 recorded a discharge 
with a selenium concentration of 19.20 μg/L. But this reading is below the acute selenium 
criterion of 20 μg/L, which is the only criterion that is appropriate in this context (017 does not 
have a separate permit limit). 
Moreover, the selenium levels at Outlet 017 could not come from discharges authorized under 
the 404 permit that EPA is seeking to revoke. Outlet 017 does not discharge from a valley fill, 
but from an active mine site into Pigeonroost Branch. EPA has no authority under Section 404(c) 
to review upland impacts. Upon investigation, it appears that the source of this discharge was 
impounded water that had been pumped out of a previously mined pit of Upper Stockton coal. 
TED2 § 3.1.3. This pit was left unreclaimed to provide temporary sediment control, but 
ultimately had to be dewatered to continue active mining. A water pump was setup in late 
August 2009 and the pit water was pumped into a sediment ditch that contributed to Outlet 017. 
The impounded water in these pits is a temporary condition that is being eliminated as mining 
proceeds. 
 

b. EPA Fails To Demonstrate That the Discharges Authorized in the 404 Permit 
Caused the Above-Background Selenium Levels 

 
EPA’s reliance on selenium discharges from Outlet 028 is misplaced. Outlet 028 is a vestige of a 
previous mining operation and was included on a previous Section 402 permit. As such, it does 
not reflect modern mining and material handling techniques. Moreover, the selenium levels 
noted by EPA do not appear to have originated in the existing 404 fill in Seng Camp Creek. 
Thus, Outlet 028 does not reflect likely selenium discharges from the authorized fills in 
Pigeonroost and Oldhouse. 
 
 
 
 
 

i. Available Data Shows That the Elevated Selenium Loading Does Not 
Originate in the Existing Fill in Seng Camp Creek 

 
In August 2010, Mingo Logan initiated an investigation to determine the source of elevated 
selenium concentrations at Outlet 028. Mingo Logan retained Sturm Environmental Services to 



collect and analyze water samples from designated locations within the Right Fork of Seng 
Camp Creek in order to isolate the potential sources of selenium found in the discharge from 
Outlet 028. Sturm collected samples on August 20, 2010, September 24, 2010, and October 8, 
2010. TED2 § 3.1.3. On none of these occasions did Sturm find measurable flow from Valley 
Fill 1A, the lone discharge in Seng Camp that is authorized by the 404 permit at issue. Instead, 
the flow originated in the material placed in the 1990s, as well as sections of the treatment 
system that are beyond the scope of the CWA. Thus, the 404 discharges that Mingo Logan has 
undertaken in Seng Camp do not appear to have contributed any selenium whatsoever to Outlet 
028. 
 

ii. Outlet 028 Is Not Indicative of the Discharges Authorized by the Section 404 
Permit 

 
EPA refers to the information from Outlet 028 as “data from the portion of the Spruce No. 1 
Mine that is already constructed in Seng Camp Creek.” RD at 44. This misleading statement 
implies that Outlet 028 is part of the new construction at Spruce No. 1 Mine, and that the 
selenium levels there will predict selenium levels from the remainder of Spruce No. 1 Mine. In 
fact, Outlet 028 is not original to the Spruce No. 1 Mine, and does not benefit from the new 
mining techniques and materials handling plan that will accrue to the remainder of the outfalls. 
 
Outlet 028 is the discharge from an erosion and sediment control pond – now “existing Pond No. 
2” – that was originally constructed in the Right Fork of Seng Camp Creek in the mid- 1990s 
pursuant to Surface Mine Permit S-5070-91 and NPDES (Section 402) Permit No. WV1013289. 
During the reissuance of the Spruce No. 1 Mine Section 402 permit on August 7, 2007 (Permit 
No. WV1017021), Outlet 02830 was transferred to the Spruce permit. Cmt. Ex. 12. The WVDEP 
added selenium as a “report only” parameter as a function of the transfer. The outlet, the pond, 
and much of the upstream area in the Right Fork of Seng Camp Creek was disturbed and filled as 
part of operations in the 1990s. 
 
This is important because at the time of the mining in the mid-1990s, the relevant permits did not 
impose selenium limits or selective handling processes. As a result, the 1990’s disturbance, 
which accounts for the ponds and the related sediment structures, did not reflect any attempts to 
locate or selectively handle selenium-bearing rock to prevent the formation of selenium-
containing leachate. Thus, it is likely that selenium concentrations at Outlet 028 are the product 
of the 1990s-era spoil placement in the hollow and its redisturbance in 2006, rather than from a 
failure of the selenium handling procedures subsequently used at the Spruce No. 1 Mine. Id. 
 

2. EPA Does Not Provide Any Data To Support its Claims Regarding Dilutive 
Capacity 

 
EPA erroneously claims that Pigeonroost and Oldhouse have a significant dilutive capacity that 
is important to maintain low selenium levels in the mainstem of Spruce Fork. EPA wrongly 
concludes that increased selenium concentrations in Pigeonroost Branch, Oldhouse Branch, and 
Seng Camp Creek will therefore likely cause selenium concentrations in Spruce Fork to increase. 
RD at 46-47. 
 



EPA has withdrawn its attempt to revoke Mingo Logan’s permit with respect to Seng Camp 
Creek. As a result, the impacts relevant to this 404(c) action are those of Pigeonroost and 
Oldhouse alone. It is therefore inappropriate to include Seng Camp Creek in an assessment of 
potential impacts downstream. 
 
EPA provides no data indicating that selenium levels in Spruce Fork will rise, nor does it cite to 
any. To the contrary, a model of the impact of these two watersheds on Spruce Fork shows that 
Pigeonroost and Oldhouse have a negligible dilutive effect on the downstream waters. The two 
streams combined represent only 9.92 percent of the watershed downstream of the Spruce No. 1 
Mine. TED2 § 3.1.3. Seng Camp Creek represents only another 2.46 percent, and the watershed 
only grows as it passes the mine area. 
 
In order for Pigeonroost, Oldhouse and Seng Camp to raise the selenium level of downstream 
Spruce Fork above the chronic selenium criterion, the average selenium concentration at the 
three watersheds would have to average 46.85 μg/L. RED2 § 3.1.3. That represents an almost 
unfathomable selenium level that in many cases is over ten times larger than any observed 
selenium level in those three streams. Thus, EPA’s own data proves that selenium concentrations 
will not likely exceed the applicable water quality criteria, let alone lead to an unacceptable 
adverse effect. 
 

3. EPA’s Attempt To Discredit the Materials Handling Plan Is Baseless 
 
Without any legitimate support, EPA contends that the materials handling plan “being 
implemented by Mingo Logan in the Seng Camp Creek watershed has not fully succeeded in 
preventing exceedance of the numeric water quality criterion for selenium at Outfalls 17 and 28.” 
RD at 45, n.13. There have been no exceedances of the relevant selenium criteria, and neither of 
the outlets identified reflect the results of discharges from the permitted fills in Seng Camp 
Creek. TED2 § 3.1.3. The selenium levels at 028 are caused by old unsegregated mine spoils 
rather than the construction of Valley Fill No. 1A, with its modern selenium handling techniques. 
Outfall 017 is equally unrelated to the discharges authorized by the 404 permit, as it is not 
anywhere close to an existing fill. 
 

a. EPA Compares the Spruce No. 1 Mine to Sites That Were Mined Without 
Materials Handling Plans. 

 
EPA also disingenuously claims that Mingo Logan has been unable to control selenium with 
such techniques at other sites. RD at 45 n.13. EPA implies that if Mingo Logan has been unable 
to control selenium at its other surface mines, despite the use of the same materials handling 
plan, Mingo Logan cannot be expected to control selenium at Spruce No. 1 Mine. EPA relegates 
this contention to the bottom of a footnote because EPA must be aware that it is just plain wrong. 
 

b. EPA’s Estimate of Selenium Loading Relies on Unsupportable Assumptions 
 
In further postulating potentially adverse selenium levels, EPA inexplicably assumes the material 
to be placed in fills will have a selenium concentration of 2.0 mg/kg. RD App. 4 at 4. Again, this 
assumption is baseless. The materials handling plan, a condition of the Mingo Logan permit, 



requires that all rock with selenium concentrations over 1 mg/kg will be “back-stacked” in a dry 
location rather than being placed in the valley fill. Not only does the assumed value of 2.0 mg/kg 
ignore the materials handling plan, which is specifically designed to limit the amount of 
selenium bearing rock, it assumes that Mingo Logan will place the coal it intends to extract into 
the authorized fills. Id. This is not consistent with WVDEP regulations, SMCRA permit 
conditions, and maximizing yield. TED2§ 3.1.2. EPA also assumes a Kd value of 0.78, which is 
unrealistically low.33 Applicable science suggests that Kd values for selenium ranging from 3.8 to 
6.7 ± 1.9 are more appropriate. TED2 § 3.1.2. 
 
Likewise, the record created by EPA does not establish that any posited problemative levels of 
selenium will result from the actual “fill material” to be placed in waters of the United States by 
Mingo Logan. Concerns about selenium leaching from upland areas of the mine into waters of 
the United States are outside the scope of EPA’s 404(c) authority 
 

4. EPA Provides No Relevant Information To Support its Fish Bioaccumulation 
Projections 

 
The Recommended Determination contends that the discharges authorized by Mingo Logan’s 
404 permit “are likely to increase selenium loading to the immediate receiving streams and 
downstream waters,” such that the increased selenium levels will have an unacceptable adverse 
effect on “downstream wildlife populations, including fish population [sic].” RD at 38, 40. EPA 
provides no support for this conclusion. 
EPA seems primarily concerned about the fish population downstream of Spruce No. 1 Mine in 
Spruce Fork, where there are fish populations that EPA considers to be “in relatively good 
condition” despite decades of surface and underground mining upstream and downstream of the 
Spruce No. 1 Mine. Id. at 36, 60. There are no data for selenium in fish from Spruce Fork, 
however, and no data that can be attributable to the Spruce No. 1 Mine. TED2 § 3.1.5. In a 
misguided attempt to support its Recommended Determination with bioaccumulation data, EPA 
incredibly confuses Seng Camp Creek with Seng Creek. RD at 47 n.14. These are two different 
streams in two entirely different watersheds. Fish have been analyzed from Seng Creek, as 
reported by WVDEP, but no data are available from Seng Camp Creek. TED2 § 3.1.3. This is at 
least the second time in this proceeding that EPA has confused Seng Camp Creek with Seng 
Creek, despite earlier comments from WVDEP, the Corps, and Mingo Logan. See, e.g., 
Memorandum for Record, at 13, Cmt. Ex. 5; Mandirola Letter at 2, Cmt. Ex. 26. 
 
In a further important omission, EPA does not recognize that historical selenium data from 
discharges similar to those expected at Spruce No. 1 Mine indicate that most, if not all, of the 
selenium is selenate, which is the most oxidized form and least likely to bioaccumulate in fish. 
This is based on selenium speciation data collected by CH2M HILL from the discharge of 7 
different valley fill ponds at three surface coal mine sites in southwest West Virginia during 
2009 and 2010. EPA twice wrongly states that selenate is the most toxic. TED2 § 3.1.3. 
 

EPA cites to “Lemley (1997)” to support its assertion of 4 μg/g in whole-body fish as an effect 
level for teratogenic development and reproductive failure. RD at 47 n.14. It is unclear which 
“Lemley” reference is being used because there is no reference in Appendix 5 with that spelling 
or the correct spelling of the assumed author, “Lemly.” However, EPA’s support for this 4 μg/g 
effect level is weak. In the 1997 study to which EPA is presumably referring, Lemly wrote that 



visual indicators and symptoms were necessary to confirm an adverse effect from tissue 
concentrations. TED2 § 3.1.5. Thus, by the standards of the Lemly study, this recently reported 
concentration is not enough to corroborate or draw conclusions of selenium-induced 
teratogenesis. Moreover, recent reviews report an effect level of about 8 μg/g, which is double 
EPA’s proposed level. Id. EPA has also published a draft water quality criterion of 7.91 μg/g, 
which has not been finalized and has itself drawn considerable criticism. Id. Finally, there are no 
data for selenium in fish from Spruce Fork that can be attributed to Spruce No. 1 Mine in either 
of the recent reports by WVDEP. TED2 § 3.1.3. 
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Form Letter Mass Mailer Campaign Sierra Club 1482
Form Letter Mass Mailer Campaign Sierra Club 1483
Form Letter Mass Mailer Campaign Sierra Club 1484
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Form Letter Mass Mailer Campaign Rainforest Action Network 1555

Form Letter Mass Mailer Campaign Rainforest Action Network 1556

Form Letter Mass Mailer Campaign Rainforest Action Network 1557

Form Letter Mass Mailer Campaign Rainforest Action Network 1558

Form Letter Mass Mailer Campaign Rainforest Action Network 1559

Form Letter Mass Mailer Campaign Rainforest Action Network 1560

Unique Letter Private Citizen - General Unknown Anonymous 1561
Unique Letter Private Citizen - General Unknown Anonymous 1562
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Form Letter Mass Mailer Campaign Sierra Club 1564
Form Letter Mass Mailer Campaign Sierra Club 1565
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Unique Letter Industry West Virginia West Virginia Coal A Jason D  Bostic 1567, 1567 1



Unique Letter Private Citizen - General Other Robert Philabaum 1568

Unique Letter Private Citizen - General West Virginia David Manes 1569
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Unique Letter Private Citizen - General Unknown Anonymous 1571
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Form Letter Mass Mailer Campaign Rainforest Action Network 1608
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Form Letter Mass Mailer Campaign FACES of Coal 1708
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Form Letter Mass Mailer Campaign FACES of Coal 1710
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Evelyn 
MacKnight/R3/USEPA/US 

12/16/2010 12:11 PM

To Matthew Klasen

cc Stefania Shamet

bcc

Subject Re: Rahall incoming re: EPA 402 actions in Appalachia/WV 
(requesting R3 draft answers by COB Friday)

Sure!  I have to pick up my son at school and buy a tree this afternoon, but will check email and 
blackberry from time to time.  Let me know if you have any questions.

Evelyn S. MacKnight
Chief, NPDES Permits Branch (3WP41)
Water Protection Division
Phone:  215-814-5717
Fax: 215-814-2301
email:  macknight.evelyn@epa.gov

Matthew Klasen 12/16/2010 11:57:06 AMThanks!  I'll take a look this afternoon.  Given tha...

From: Matthew Klasen/DC/USEPA/US
To: Evelyn MacKnight/R3/USEPA/US@EPA
Cc: Stefania Shamet/R3/USEPA/US@EPA
Date: 12/16/2010 11:57 AM
Subject: Re: Rahall incoming re: EPA 402 actions in Appalachia/WV (requesting R3 draft answers by COB 

Friday)

Thanks!  I'll take a look this afternoon.  Given that you're out (and Stef has something called "Spruce" 
going on), I can plan to coordinate edits from this group if it's helpful.

Thanks,
Matt

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

Evelyn MacKnight 12/16/2010 11:53:01 AMHere is the latest version.  I have only gotten co...

From: Evelyn MacKnight/R3/USEPA/US
To: Matthew Klasen/DC/USEPA/US@EPA
Cc: Deborah Nagle/DC/USEPA/US@EPA, Denis Borum/DC/USEPA/US@EPA, Diane 

Jones-Coleman/DC/USEPA/US@EPA, Gregory Peck/DC/USEPA/US@EPA, Jon 
Capacasa/R3/USEPA/US@EPA, Js Wilson/DC/USEPA/US@EPA, Kevin 
Minoli/DC/USEPA/US@EPA, Marcus Zobrist/DC/USEPA/US@EPA, MichaelG 
Lee/DC/USEPA/US@EPA, Sharmin Syed/DC/USEPA/US@EPA, Stefania 
Shamet/R3/USEPA/US@EPA, Tom Laverty/DC/USEPA/US@EPA, Linda 
Boornazian/DC/USEPA/US@EPA, Chris Thomas/R4/USEPA/US@EPA, Mark 
Nuhfer/R4/USEPA/US@EPA

Date: 12/16/2010 11:53 AM
Subject: Re: Rahall incoming re: EPA 402 actions in Appalachia/WV (requesting R3 draft answers by COB 

Friday)

Here is the latest version.  I have only gotten comments from Stef Shamet and Nina Rivera so far.  
[attachment "Rahall Letter re WV Mining Permit Oversight 12 16 10.doc" deleted by Matthew 



Klasen/DC/USEPA/US] I am leaving for the day and will not be in tomorrow, but will check email.

Evelyn S. MacKnight
Chief, NPDES Permits Branch (3WP41)
Water Protection Division
Phone:  215-814-5717
Fax: 215-814-2301
email:  macknight.evelyn@epa.gov

Matthew Klasen 12/14/2010 08:48:33 AMEvelyn and Stef: The Administrator received a le...

From: Matthew Klasen/DC/USEPA/US
To: Evelyn MacKnight/R3/USEPA/US@EPA, Stefania Shamet/R3/USEPA/US@EPA
Cc: Denis Borum/DC/USEPA/US@EPA, Gregory Peck/DC/USEPA/US@EPA, Diane 

Jones-Coleman/DC/USEPA/US@EPA, Jon Capacasa/R3/USEPA/US@EPA, Deborah 
Nagle/DC/USEPA/US@EPA, Tom Laverty/DC/USEPA/US@EPA, Marcus 
Zobrist/DC/USEPA/US@EPA, Sharmin Syed/DC/USEPA/US@EPA, Js 
Wilson/DC/USEPA/US@EPA, MichaelG Lee/DC/USEPA/US@EPA, Kevin 
Minoli/DC/USEPA/US@EPA

Date: 12/14/2010 08:48 AM
Subject: Rahall incoming re: EPA 402 actions in Appalachia/WV (requesting R3 draft answers by COB 

Friday)

Evelyn and Stef:

The Administrator received a letter from Chairman Rahall last week regarding EPA's actions in reviewing 
Section 402 permits in Appalachia, and asking specific questions about the review process in WV.  The 
letter is attached below, and is in CMS under control # AL-10-002-0308.  

Given the letter's detailed focus on permit reviews in R3, I think it makes sense for R3 to take a first shot 
at answering the letter's specific questions (pasted below), and for Shawn to be the presumed signatory of 
the response.  Given the detailed nature of the questions and the need for consistency, however, I'm sure 
we in HQ (and Region 4) should be involved in reviewing the responses.

I'd like to see whether R3 could pull together draft responses to these questions by COB Friday (12/18) 
so that we can coordinate review among HQ and R4 early next week, and meet the 12/24 response date.  
Please let me know if this is a problem.  We can discuss this on the mining call at 10:30 if there are any 
questions.

Thanks,
Matt

-------------------------------------------------------
Matt Klasen
U.S. Environmental Protection Agency
Office of Water (IO)
202-566-0780
cell (202) 380-7229

[attachment "10-002-0308 - Rahall NPDES Incoming.pdf" deleted by Matthew Klasen/DC/USEPA/US] 

Rahall Questions (copied and pasted from the letter ):
What criteria or considerations are used in concurring or objecting to a state-issued permit? 

To what extent are conductivity or total dissolved solids part of the consideration? What 
communication is involved with the applicant, and with outside groups?



How does the Region III office and EPA headquarters interact during the review process? 

Who directs the review? What authority does each office have to object to the decisions of 
the other?
How many objections (interim, general, and specific) has the EPA raised with Sec. 402 

permits in West Virginia? How many other 402 permits are likely to raise objections by 
EPA?
What is the timeline for resolving these objections? What arrangements might be established 

to expedite an application? What arrangements might be established to expedite resolution of 
any dispute(s) over an application? What are you doing to simplify and expedite the process? 
What progress have you made?



Tanya Code/DC/USEPA/US 

12/16/2010 01:13 PM

To Brian Frazer

cc

bcc

Subject Fw: MEDIA INQUIRY: Argus Media--MTM/Salinity standards 
can't be met anywhere--Deadline: 12/20

fyi
----- Forwarded by Tanya Code/DC/USEPA/US on 12/16/2010 01:13 PM -----

From: Jalil Isa/DC/USEPA/US
To: Gregory Peck/DC/USEPA/US@EPA
Cc: Amy Han/DC/USEPA/US@EPA, Robert Gunter/DC/USEPA/US@EPA, Tanya 

Code/DC/USEPA/US@EPA
Date: 12/16/2010 01:01 PM
Subject: MEDIA INQUIRY: Argus Media--MTM/Salinity standards can't be met anywhere--Deadline: 12/20

Greg:
I don't know if I've gotten an inquiry worded quite this way. This reporter basically says his sources in the 
coal industry claim our new standards on salinity can't be met by even bottled water. He's wondering if 
this is true.

Do we have a statement that specifically addresses this concern?

Thanks,
Jalil Isa 
Press Officer 
U.S. Environmental Protection Agency
202-564-3226
isa.jalil@epa.gov
----- Forwarded by Jalil Isa/DC/USEPA/US on 12/16/2010 12:54 PM -----

From: Chris Newman 
To: Latisha Petteway/DC/USEPA/US@EPA, Jalil Isa/DC/USEPA/US@EPA
Date: 12/14/2010 05:24 PM
Subject: salinity standard question

Hi,

I wanted to get comment from EPA on a common refrain we are hearing in the coal industry. 
Coal miners say the new water standards for surface coal mines in Appalachia – the salinity 
standard – cannot be met by bottled water, natural spring water, runoff from other industries and 
sources of runoff like a Wal-Mart parking lot.

 One example:

“We have standards for both selenium and conductivity that exceed normal drinking water that 
the EPA’s water fountains couldn’t meet, so it makes it pretty difficult to avoid exceedances and 
violations,” said Massey chief executive Don Blankenship at the Dahlman Rose conference last 
month. 

Are they exaggerating? If not, why does the EPA believe it reasonable to hold the coal industry 



to a standard that cannot be met by naturally occurring water or runoff from passive sources?

Regards,

Chris



Gregory Peck/DC/USEPA/US 

12/16/2010 02:26 PM

To Michael Slimak

cc Karyn Wendelowski, Matthew Klasen

bcc

Subject Re: Fw: MEDIA INQUIRY: Argus Media--MTM/Salinity 
standards can't be met anywhere--Deadline: 12/20

Thanks Michael.

Michael Slimak 12/16/2010 01:57:20 PMGreg:   In my opinion, the coal mining companie...

From: Michael Slimak/DC/USEPA/US
To: Gregory Peck/DC/USEPA/US@EPA
Cc: Karyn Wendelowski/DC/USEPA/US@EPA, Matthew Klasen/DC/USEPA/US@EPA
Date: 12/16/2010 01:57 PM
Subject: Re: Fw: MEDIA INQUIRY: Argus Media--MTM/Salinity standards can't be met anywhere--Deadline: 

12/20

Greg:  

In my opinion,  
 

 
 

 
 

 
 

  

 
 

 
 

 

Mike       

Gregory Peck 12/16/2010 01:15:15 PMMike: What's the scientific/technical response to...

From: Gregory Peck/DC/USEPA/US
To: Michael Slimak/DC/USEPA/US@EPA, Matthew Klasen/DC/USEPA/US@EPA
Cc: Karyn Wendelowski/DC/USEPA/US@EPA
Date: 12/16/2010 01:15 PM
Subject: Fw: MEDIA INQUIRY: Argus Media--MTM/Salinity standards can't be met anywhere--Deadline: 

12/20

Mike:

What's the scientific/technical response to this allegation?

Thanks,

Greg
----- Forwarded by Gregory Peck/DC/USEPA/US on 12/16/2010 01:13 PM -----

(b) (5)



From: Jalil Isa/DC/USEPA/US
To: Gregory Peck/DC/USEPA/US@EPA
Cc: Amy Han/DC/USEPA/US@EPA, Robert Gunter/DC/USEPA/US@EPA, Tanya 

Code/DC/USEPA/US@EPA
Date: 12/16/2010 01:01 PM
Subject: MEDIA INQUIRY: Argus Media--MTM/Salinity standards can't be met anywhere--Deadline: 12/20

Greg:
I don't know if I've gotten an inquiry worded quite this way. This reporter basically says his sources in the 
coal industry claim our new standards on salinity can't be met by even bottled water. He's wondering if 
this is true.

Do we have a statement that specifically addresses this concern?

Thanks,
Jalil Isa 
Press Officer 
U.S. Environmental Protection Agency
202-564-3226
isa.jalil@epa.gov
----- Forwarded by Jalil Isa/DC/USEPA/US on 12/16/2010 12:54 PM -----

From: Chris Newman 
To: Latisha Petteway/DC/USEPA/US@EPA, Jalil Isa/DC/USEPA/US@EPA
Date: 12/14/2010 05:24 PM
Subject: salinity standard question

Hi,

I wanted to get comment from EPA on a common refrain we are hearing in the coal industry. 
Coal miners say the new water standards for surface coal mines in Appalachia – the salinity 
standard – cannot be met by bottled water, natural spring water, runoff from other industries and 
sources of runoff like a Wal-Mart parking lot.

 One example:

“We have standards for both selenium and conductivity that exceed normal drinking water that 
the EPA’s water fountains couldn’t meet, so it makes it pretty difficult to avoid exceedances and 
violations,” said Massey chief executive Don Blankenship at the Dahlman Rose conference last 
month. 

Are they exaggerating? If not, why does the EPA believe it reasonable to hold the coal industry 
to a standard that cannot be met by naturally occurring water or runoff from passive sources?

Regards,

Chris



Gregory Peck/DC/USEPA/US 

12/16/2010 03:21 PM

To Jalil Isa

cc Amy Han, Robert Gunter, Tanya Code

bcc

Subject Re: MEDIA INQUIRY: Argus Media--MTM/Salinity standards 
can't be met anywhere--Deadline: 12/20

 One example:

“We have standards for both selenium and conductivity that exceed normal drinking water that 
the EPA’s water fountains couldn’t meet, so it makes it pretty difficult to avoid exceedances and 
violations,” said Massey chief executive Don Blankenship at the Dahlman Rose conference last 
month. 

Are they exaggerating? If not, why does the EPA believe it reasonable to hold the coal industry 
to a standard that cannot be met by naturally occurring water or runoff from passive sources?

Regards,

This is an exaggeration.  Firstly, EPA has not established new standards for either selenium or 
conductivity.  The national water criterion for selenium adopted by the states has been in place 
for many years.  There is no national water criterion for conductivity.  Extensive peer-reviewed 
scientific literature points to conductivity in the range of 300 - 500 micro seimens per cubic 
centimeter as the threshold for significant adverse effects on stream life.  Drinking water, 
including bottled water, contain the equivalent of total dissolved solids in the range of one half to 
one third of this range of conductivity.  But these remarks misrepresent the chemistry associated 
with salinity and the toxic effects experienced by stream life living in waters with high levels of 
conductivity below mining operations.  Data show that 5% or more of certain freshwater species 
exposed to conductivity of only 300 micoseimens per cubic centimeter are killed and eliminated 
from streams.  Streams below mining operations often experience conductivity levels two to 
three times higher than this.  EPA is relying on the best available science to work with states and 
the mining industry to assure environmentally responsible mining proceeds that protects streams 
and the Appalachian communities that rely on clean water for their health and well-being.

Jalil Isa 12/16/2010 01:01:06 PMGreg: I don't know if I've gotten an inquiry worde...

From: Jalil Isa/DC/USEPA/US
To: Gregory Peck/DC/USEPA/US@EPA
Cc: Amy Han/DC/USEPA/US@EPA, Robert Gunter/DC/USEPA/US@EPA, Tanya 

Code/DC/USEPA/US@EPA
Date: 12/16/2010 01:01 PM
Subject: MEDIA INQUIRY: Argus Media--MTM/Salinity standards can't be met anywhere--Deadline: 12/20

Greg:
I don't know if I've gotten an inquiry worded quite this way. This reporter basically says his sources in the 
coal industry claim our new standards on salinity can't be met by even bottled water. He's wondering if 



this is true.

Do we have a statement that specifically addresses this concern?

Thanks,
Jalil Isa 
Press Officer 
U.S. Environmental Protection Agency
202-564-3226
isa.jalil@epa.gov
----- Forwarded by Jalil Isa/DC/USEPA/US on 12/16/2010 12:54 PM -----

From: Chris Newman 
To: Latisha Petteway/DC/USEPA/US@EPA, Jalil Isa/DC/USEPA/US@EPA
Date: 12/14/2010 05:24 PM
Subject: salinity standard question

Hi,

I wanted to get comment from EPA on a common refrain we are hearing in the coal industry. 
Coal miners say the new water standards for surface coal mines in Appalachia – the salinity 
standard – cannot be met by bottled water, natural spring water, runoff from other industries and 
sources of runoff like a Wal-Mart parking lot.

 One example:

“We have standards for both selenium and conductivity that exceed normal drinking water that 
the EPA’s water fountains couldn’t meet, so it makes it pretty difficult to avoid exceedances and 
violations,” said Massey chief executive Don Blankenship at the Dahlman Rose conference last 
month. 

Are they exaggerating? If not, why does the EPA believe it reasonable to hold the coal industry 
to a standard that cannot be met by naturally occurring water or runoff from passive sources?

Regards,

Chris



Palmer Hough/DC/USEPA/US 

12/16/2010 05:43 PM

To Stefania Shamet, Christopher Hunter, Marcel Tchaou, Regina 
Poeske, Ross Geredien, Regina Poeske, Margaret 
Passmore, Greg Pond

cc

bcc

Subject Fw: Latest science on the impacts of mountaintop removal 
mining

FYI, please share

___________________________________
Palmer Hough, Environmental Scientist
tel: 202.566.1374  I  fax: 202.566.1375

Wetlands Division
U.S. EPA Headquarters (MC 4502T)
1200 Pennsylvania Avenue, NW
Washington, DC 20460
www.epa.gov/wetlands 

----- Forwarded by Palmer Hough/DC/USEPA/US on 12/16/2010 01:34 PM -----

From: Karyn Wendelowski/DC/USEPA/US
To: Palmer Hough/DC/USEPA/US@EPA, Brian Frazer/DC/USEPA/US@EPA, Matthew 

Klasen/DC/USEPA/US@EPA, Gregory Peck/DC/USEPA/US@EPA
Date: 12/16/2010 12:50 PM
Subject: Fw: Latest science on the impacts of mountaintop removal mining

You may have already seen these.

----- Forwarded by Karyn Wendelowski/DC/USEPA/US on 12/16/2010 12:49 PM -----

From: Steve Roady <sroady@earthjustice.org>
To: Kevin Minoli/DC/USEPA/US@EPA, Karyn Wendelowski/DC/USEPA/US@EPA
Cc: Jennifer Chavez <jchavez@earthjustice.org>, Emma Cheuse <echeuse@earthjustice.org>
Date: 12/16/2010 12:47 PM
Subject: Latest science on the impacts of mountaintop removal mining

 
        Kevin and Karyn  --  A pleasure to see you yesterday. 
        Here is the latest science Jennifer and I mentioned. 
        The study by Dr. Bernhardt and others shows several important things, including the following.
        First, the conductivity number at which water quality degradation begins to adversely affects life 
forms is 277.
        Second, mining adversely affects watersheds where as little as 3% of the watersheds are involved.  
        Best regards.         Steve  
 
 
 
 
   
Jennifer C. Chavez 



Attorney
Earthjustice
1625 Massachusetts Av. NW
Suite 702
Washington, DC 20036
(p) 202.667.4500 ext. 208
(f) 202.667.2356 
www.earthjustice.org
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U.S. Environmental Protection Agency 
EPA Docket Center (EPA/DC) 
Water Docket, MC 2822T 
1200 Pennsylvania Avenue, N.W.  
Washington, D.C. 20460 
 
RE:   Comments on Docket ID No. EPA‐HQ‐OW‐2010‐0315 

 April 1, 2010 Detailed Guidance on Improving EPA Review of Appalachian Surface Coal 
Mining Operations under the CWA, NEPA, & the Environmental Justice EO  

 
To whom it may concern: 
 
Thank you for the opportunity to provide comments.  In general, we want to commend EPA for 
the documents released on April 1, 2010.   There has clearly been serious attention paid to 
ensuring that the guidance is informed by strong science.  We provide the following comments 
with the hope that our input will further strengthen the final version.   For context, we are 
stream ecologists with many years of expertise in aquatic ecology.  Collectively our expertise 
includes stream restoration, the role of ecological processes and ecosystem features in 
supporting the structure and function of streams, stream and watershed biogeochemistry, and 
biostatistics.     
 
There is now abundant scientific evidence from studies conducted by both EPA scientists and by 
independent scientists that the environmental impacts of surface coal mining in the 
Appalachian region cause serious and irreversible harm to aquatic ecosystems. The risks to 
aquatic systems come not only from direct loss of habitats and species due to the mining 
process and valley fills but there are substantial risks to aquatic life that extend downstream 
from mine sites.  Surface mining results in the mobilization of dissolved solutes from mining 
residues (coal waste and rock overburden).   Many of the solutes that are mobilized are ions 
(e.g., Mg, Fe, Mn, Se, etc.) which collectively lead to higher electrical conductivity in receiving 
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streams.   Several of the more toxic ions (especially Se, Mn) are known to accumulate at high 
concentrations in stream biofilms where they may enter stream food webs (Conley et al. 2009; 
Lemly 2002, Lemly 2008)1.   Whether or not individual component ions within mining‐derived 
runoff reach streamwater concentrations that are individually lethal or toxic to aquatic life, the 
cumulative effect of elevated concentrations of multiple contaminants is clearly associated with 
a substantial reduction in water quality and biological integrity in streams and rivers below 
mine sites.  EPA is to be commended for using conductivity as a benchmark because it is a 
robust measure of the cumulative or additive impacts of the elevated concentrations of 
multiple chemical stressors from mine sites that lead to biological impairment of streams.   
Each constituent pollutant increases conductivity and they may have additive or multiplicative 
ecological impacts. 
 
Two EPA reports2 document this impact quite well citing a substantial body of peer‐reviewed 
research publications. A few additional papers have been published since these two reports 
were released and they provide additional evidence that conductivity is substantially elevated 
below mine sites and that stream biological integrity is substantially impacted including both 
the structure and function of the streams (Fritz et al. 20103, Johnson et al. 20104, Pond 20105).  
The scientific evidence that conductivity below surface mines is substantially elevated and that 
higher conductivity is associated with biological impairment is now overwhelming.  Further, the 
methods used by the U.S. EPA1 as well as those used in independent studies by Johnson et al.  
(2010)3 and by Bernhardt et al. (in review), all demonstrate that the use of conductivity as a 
benchmark to regulate mining is supported by very strong science.   

                                                            
1Conley,  J.M., D.H, Funk, and D.B. Buchwalter. 2009.. Selenium Bioaccumulation and Maternal Transfer 
in the Mayfly Centroptilum triangulifer in a Life‐Cycle, Periphyton‐Biofilm Trophic Assay. Env. Sci. & 
Techology /43:7952‐7957; Lemly, A.D. 2002.  Selenium assessment in aquatic ecosystems: A guide for 
hazard evaluation and water quality criteria.  New York: Springer‐Verlag New York, Inc.  162pp.;  
Lemly, A.D. 2008. Aquatic hazard of selenium pollution from coal mining. Pages 167‐183 (Chapter 6) in 
G.B. Fosdyke, editor. Coal Mining: Research, Technology, and Safety. Nova Science Publishers, Inc., New 
York. 
2U.S. EPA. 2010.  A field‐based aquatic life benchmark for conductivity in central Appalachian streams. 
EPA/600/R‐10/023A ;   U.S. EPA 2009. The Effects of Mountaintop Mines and Valley Fills on Aquatic 
Ecosystems of the Central Appalachian Coalfields EPA/600/R‐09/138A 
3 Fritz, K.M., S. Fulton, B.R. Johnson, C.D. Barton, J.D. Jack, D.A. Word, and R.A. Burke. 2010. Structural 
and functional characteristics of natural and constructed channels draining a reclaimed mountaintop 
removal and valley fill coal mine. J. North Amer. Benthological Soc  29(2): 673‐689.  
4 Johnson, B.R., A. Haas, and K. M. Fritz1 2010. Use of spatially explicit physicochemical data to measure 
downstream impacts of headwater stream disturbance. Water Resources Res. 46: W09526, 
doi:10.1029/2009WR008417 
5Pond, G. 2010.  Patterns of Ephemeroptera taxa loss in Appalachian headwater streams (Kentucky, 
USA), Hydrobiologia Hydrobiologia DOI 10.1007/s10750‐009‐0081‐6 
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 We do, however, have several concerns about the April 1 Guidance: 
 

1. The upper level conductivity limit of 500 µS/cm identified by EPA is higher than what the 
weight of scientific evidence supports.  Significant biological impairment occurs at lower levels 
of conductivity.  Pond (2010)4 found “a strong threshold‐type response between % mayflies and 
increasing specific conductance … when specific conductance was 175 uS/cm (change point 
analysis; lower 90% CL = 124 µS/cm, upper CL = 336 µS/cm)”. Further, EPA found that 
“conductivity levels of 300 µS/cm or below in Appalachian headwater streams is a benchmark 
for retaining 95% of native benthic species” (page 21, Detailed Guidance), yet a level of 500 
µS/cm was set as the upper limit despite lack of quantitative scientific reasoning for selection of 
this higher level.  The Detailed Guidance (bottom, page 11) cites Pond et al. (2008)6 in support 
of this high level, yet Pond et al. grouped their study sites into classes based on conductivity 
and 500 µS/cm was the lowest category class they used. 
 
Additionally, we conducted an independent analysis of West Virginia DEP water quality data 
(Bernhardt et al. in review) using a state‐of‐the‐art threshold detection (TITAN; Baker and King 
20107) method that is more rigorous than the method used by EPA (Cormier et al. 20108).  We 
found a threshold level (277μS cm‐1 with 95% CI of 176 ‐344 μS cm‐1) remarkably similar to that 
found by Cormier et al. and significantly less than the 500 μS/cm upper limit EPA identifies in 
the Detailed Guidance.  Further, because the Cormier et al. method is based on extirpation of 
macroinvertebrates only for those genera with ≥ 30 observations, even they acknowledged 
their benchmark may not be sufficiently conservative.  The method we employed estimates the 
point of greatest decline in the frequency and abundance of species and only requires 5 
occurrences for analysis meaning it can incorporate responses of rare species.  The EPA method 
required a minimum of 30 occurrences per taxon, or ~10% of the sample units in the data set.  
Imposing higher occurrence frequencies increases the probability of selecting taxa that span a  
wider range of conductivity, and thus may bias the conductivity benchmark higher than it would 
be if less frequent and potentially more sensitive taxa were included in the analysis.  
 

An additionally important point we provide in Bernhardt et al. (in review) is that there is an 
unusually high level of synchrony in the conductivity level point‐of‐decline of many species, 
including rare ones i.e., the conductivity level at which each taxonomic group declined 
precipitously was virtually the same.  This allowed us to truly identify a community threshold 

                                                            
6 Pond, G.J., M.E. Passmore, F.A. Borsuk, L. Reynolds, and C.J. Rose. (2008) Downstream effects of 
mountaintop coal mining: comparing biological conditions using family‐ and genus‐level 
macroinvertebrate bioassessment tools. J North Amer Benthological Soc.  27: 717‐737.  
7 Baker, M. E. and R. S. King. 2010. A new method for identifying and interpreting biodiversity and 
ecological community thresholds. Methods in Ecology and Evolution 1.25‐37.  
8 Cormier, S.M., G.W. Suter, L.L. Yaun, L.L. Zheng. 20010. A Field‐based Aquatic Life Benchmark for 
Conductivity in Central Appalachian Streams. U.S. EPA  Office of Research and Development, National 
Center for Environmental Assessment, Washington, DC. EPA/600/R‐10/023A. 
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response to conductivity that is quite robust statistically.   
 

Finally, EPA estimated different conductivity benchmarks for spring, summer, and combined 
spring/summer data ("all year").  The 300 uS/cm benchmark EPA set was found using the "all 
year" data.  The 5th percentile hazardous concentration value EPA found in the summer was 479 
uS/cm but in the spring when runoff is higher and presumably ion concentrations more dilute, 
they found a value of 322 uS/cm.   We used summer‐only data and found the TITAN 
conductivity threshold was 277 uS/cm (Bernhardt et al. in review).  Because the all‐year EPA 
benchmark was based on samples spanning periods of lower conductivity (in spring), the TITAN 
result we found would almost certainly be even lower than 277 uS/cm if we had analyzed taxa 
responses to the all‐year conductivity data. Thus, we again suggest that there is considerable 
evidence that the true level of conductivity that causes sharp biological degradation is much 
lower than 500 uS/cm. 
 

2. A sequenced permitting process is not sufficiently protective of Appalachian streams and 
rivers.   Under Section IV. C 2 (page 22) of the Detailed Guidance, EPA recommends a 
“sequenced permitting process” in which permits would be allowed so long as post‐mining 
monitoring does not demonstrate that conductivity levels exceed 500 µS/cm. However, once 
the mining has occurred and conductivity levels exceed 500 µS/cm, the damage to streams has 
already occurred and to date there is no evidence that it can be reversed.  Recovery of the 
biological communities in mining waste impacted streams has not been documented and 
sulfate pollution9 is known to persist long after mining activities in a watershed cease10. 
Additionally, the EPA’s Detailed Guidance provides no examples and, we know of no published 
examples that exist, that document that a large coal surface mine and valley fill operation has 
ever been accomplished without generating substantial increases in conductivity that typically 
exceed 500 µS/cm.  In our own field research efforts in the region which include sampling the 
conductivity of 3rd and 4th order streams that receive the drainage from valley fills more than 20 
years old, we measure conductivities that typically exceed 1000 µS/cm.  In the face of abundant 
evidence to the contrary, it is hard to understand how EPA can continue to permit the same 
sorts of surface mining operations and valley fills as have been done in the past with any 
legitimate expectation of a different water quality outcome. 
 
 

                                                            
9 Sulfate concentration has been used by scientists including USGS and the WV DEP, as an indicator of 
mining impact.  Bernhardt et al. (in review) similarly found it was highly correlated with amount of 
mining in a watershed and conductivity.  
10 J.I. Sams, K.M. Beer. U.S. G.S. Water Resources Report 99‐4208  (2000). 

http://pa.water.usgs.gov/reports/wrir 99‐4208.pdf 
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3. Functional assessments must be completed to determine mitigation requirements; 
however, stream creation is not a scientifically supported mitigation method.   With regard to 
Section IV C 6 of the Detailed Guidance, we support the use of functional impact assessment 
requirements; however, we object strongly to parts of the “expectations for compensatory 
mitigation.”  Specifically, item d. – “stream establishment – created stream channels should be 
designed to develop good water quality, healthy and diverse biological communities and similar 
hydrologic regimes as streams impacted by mining activities.”  There is no evidence that 
streams can be “created” that support the suite of structural and functional attributes of 
healthy streams despite multiple attempts both by mining companies and researchers from the 
University of Kentucky.  The latter has involved rigorous and well designed research  at “the 
Guy Cove project” site to create headwater streams on an old mine fill site that has conductivity 
effluent levels of> 1900 µS/cm.  Guy Cove researchers have reported at a number of 
conferences that they were successful in “creating” surface flows by lining a newly dug channel 
and that using a “wetland bioreactor” they were able to reduce conductivity in the crown of the 
fill; however, as the authors acknowledged in conference talks, streamwater conductivity at the 
toe slope of the valley fill is typically > 1000 µS/cm  ‐ indicating that the created channel is not 
mitigating the contaminant loading to downstream ecosystems from this reclaimed mine.  
Further, creating surface flows in a lined ditch does not replace an ecologically healthy stream 
that supports the full suite of ecological functions expected for this region of the country.  

 

In summary, we applaud the rigorous scientific efforts EPA is seeking to finalize the Guidance 
Document and we urge the EPA to apply the best available science in their implementation of 
the guidance.  Based on what is currently known about surface coal mining operations in the 
Central Appalachians, it is clear that mining‐derived runoff leads to impaired water quality and 
biological communities in receiving streams; that contaminant loads from mining accumulate in 
river networks and propagate downstream; and that new mining activities are associated with 
new contaminant loading against a background of historic surface mining contaminant loads 
that are not demonstrably abating over time.  To date, there is little evidence in the peer 
reviewed literature that efforts to mitigate for these water quality impacts through mine 
reclamation, stream creation, stream restoration or chemical treatment have been effective. 

 
Sincerely yours,  

 
Margaret A. Palmer       Emily S. Bernhardt         Ryan S. King 
Professor & Director      Associate Professor        Associate Professor 
University of Maryland    Duke University        Baylor University   
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ABSTRACT  

Over the last decade, an estimated 2000km of streams in the Central Appalachians have been 

buried beneath the excess rock waste generated from surface coal mining.  In addition to the 

streams permanently lost through valley filling, many more kilometers of streams throughout the 

region are impacted by the higher flows and chemical concentrations exported to downstream 

waters from surface mining operations.  Here we estimate for the first time the areal extent of 

mining that can occur in a watershed before significant ecological impacts are observed in 

receiving streams.  Using new remote sensing analyses together with field sampling data for 283 

stream reaches located across a 14 county region in southern West Virginia we demonstrate that 

changes in streamwater conductivity were strongly positively correlated with the extent of 

watershed surface mining..  We detected a significant community threshold response to altered 

ionic strength, with many sensitive taxa declining precipitously and synchronously in abundance at 

a conductivity of 277μS cm-1 (95% CI of 176 to 344 μS cm-1). Our analysis is the first to 

demonstrate that the rapid increase in mining activity within regional headwaters is degrading 

water quality and freshwater ecosystems at very low mining intensities and over very large 

geographic scales.  We find that stream water quality and benthic communities are significantly 

altered when as little as ~3% of the upstream watershed is converted to surface mining operations.   
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INTRODUCTION 

In order to compete with western states in supplying inexpensive, low sulfur coal to the US energy 

market, mining companies throughout the Central Appalachians are increasingly turning to 

mountaintop mining to access shallow seams of coal1,2. Mountaintop mining is now the most 

widespread form of coal surface mining across the central Appalachian Mountains, and is 

particularly intense in southern West Virginia, eastern Kentucky and Tennessee, and southwestern 

Virginia3,4. In this sparsely populated region, surface mining and mine reclamation activities are 

the dominant driver of land use change5 and as a result of surface coal mining the area has the 

highest rates of sediment movement in the United States 6. To reach the coal seams which can be 

hundreds of feet below the surface, ridge tops are removed creating large quantities of waste rock 

and coal debris (“overburden”) that must be disposed of to maximize mining efficiency (Figure 1). 

In the steep topography of the region, stream valleys become the obvious location for disposing of 

rocks from the mined ridgetops.  The resulting valley fills3 can bury either headwater streams or 

once forested valley slopes under 10s to 100s of meters of overburden7. Because MTM operations 

are less constrained by topography than more traditional contour mining, MTM techniques have 

allowed surface coal mining operations to expand greatly in size4. 

The central Appalachian forests that are affected by surface coal mining support among the highest 

levels of biodiversity and endemism in the temperate zone8 leading to significant concerns about 

the loss of forest biodiversity and ecosystem functions as a result of mining4,9. Much recent 

attention has been paid to the burial of headwater streams beneath valley fills and the downstream 

impacts to waters below surface mines10(Figure 1), in part, because of high profile federal court 

cases and widely publicized exchanges between the U.S. Environmental Protection Agency (US 

EPA) and the U.S. Army Corps of Engineers (USACE) over permitting decisions11. Under the 

authority of the Clean Water Act (CWA; 33 U.S.C. 1252) the US ACE (or a delegated state) must 

approve regulatory permits to allow mining operations that will result in impacts to waters of the 

U.S. Prior to authorizing a stream fill operation, the US ACE must assure, among other things, that 

these activities will not cause significant degradation of the environment (40 C.F.R. § 230.10).  To 

meet this requirement, permittees are required to mitigate for harm done to streams.  Typically this 

is accomplished through the construction of channels on nearby reclaimed mines, the restoration of 

degraded streams within the watershed, or payment into an in lieu fee mitigation program2,12,13. The 
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extent to which these actions are sufficient to mitigate for the impacts that MTM have on 

waterways has been central to legal challenges and environmental advocacy protests calling for 

tighter regulations on this form of mining11,14. 

Scientific studies to inform such cases have been of great interest and have established that impacts 

can be substantial10,12,15,16. Rain that falls on mined and reclaimed watersheds flows through coal 

residues and rock overburden rather than surface soils.  When exposed to air, pyrite minerals in 

coal residue release sulfuric acid17, and the production of this strong acid within a matrix of 

fragmented rock leads to high rates of rock weathering.  Throughout much of the central 

Appalachians, the high buffering potential of carbonate bedrock neutralizes the acidity generated 

by pyrite dissolution and releases high concentrations of coal-derived SO4
2- accompanied by 

-elevated concentrations of Ca2+, Mg2+, HCO3 derived from parent material18. The natural acid 

buffering potential of parent material in much of the region thus generates alkaline mine drainage, 

characterized by an increase in pH, alkalinity and electrical conductivity in receiving streams18. 

The concentration of trace metals and metalloids also tend to be correlated with SO4
2- and 

conductivity12,19, and in this region elevated concentrations of manganese (Mn) and selenium (Se) 

are of particular concern due to their known toxicity20. Selenium, weathered from coal minerals, is 

more soluble at high pH and thus is a particularly problematic toxin in the alkaline mine drainage 

common to most mountaintop mines21. A number of recent studies have documented significant 

changes in stream macroinvertebrate and fish communities directly downstream of surface mining 

operations10,16,22 and have attributed these declines to the combined effects of heightened 

concentrations of ions and trace metals delivered from upstream mines. 

In response to growing concerns and scientific documentation of the impacts of surface coal 

mining, on April 1, 2010, the US EPA released their own scientific report and announced new 

actions to strengthen the permitting process and protect Appalachian waters23. This included a 

draft guidance document that set benchmarks for unacceptable levels of conductivity in waters 

associated with surface mining.  Specifically, their research identified conductivity levels of 300 μS 

cm-1 in Appalachian headwater streams as the maximum acceptable levels to prevent substantial 

impacts to native invertebrates23. This draft benchmark has been challenged by various groups 

including the National Mining Association (NMA) who filed a lawsuit in U.S. District Court for the 
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District of Columbia24. While most of NMA’s arguments question the legality of EPA’s actions, 

the lawsuit also argues that the conductivity water quality standard is arbitrary and based on 

unsupported “presumptions” that background levels of conductivity (i.e., non-mining related) are 

below the benchmark and that significant adverse impacts are related to the length of stream 

impacted or the number of fills24. 

The challenges on both sides highlight the need to fill several scientific gaps that are critical to 

decisions by regulators and to those the regulations influence. Thus our goal was to address the 

following questions: 

1. Is there a clear relationship between conductivity and surface coal mining extent in the 

central Appalachians that cannot be attributed to other impacts such as development in a 

watershed? 

2. Does the latest state-of-the-art approach designed to statistically detect biological 

thresholds support the concept of a benchmark and if so, at what conductivity level?  

Previously there has been no effort to quantify the areal extent of surface mining and link that to 

downstream water quality and aquatic community structure at river basin scales. Since the 

dominant solutes derived from surface mining that generate high conductivity in receiving streams 

are conservative ions that do not readily precipitate from solution except at supersaturated 

concentrations (SO4
2-, Cl, Ca2+, Mg2+, HCO3

-), high conductivity (and associated biological 

impacts) should be correlated with the total spatial extent of upstream mining activity.  Thus, we 

analyzed whether there was a statistically significant relationship between the proportion of surface 

mining in watersheds of southern WV and dissolved ion concentrations or between the extent of 

surface mining and alterations in stream biota.   To determine whether or not there were threshold 

relationships between stream invertebrates and conductivity, we employed a new form of analysis 

(Threshold Indicator Taxa Analysis, TITAN25). TITAN is unique in that it first characterizes the 

responses of individual taxa to an environmental gradient and secondarily aggregates taxa into a 

community-level metric only after distinguishing the magnitude, direction, and uncertainty in the 

responses of individual members of the community.  Thus, TITAN has distinct advantages over 

more commonly used community metrics, in that it allows the investigator to identify both taxon-

specific and community-level threshold responses to anthropogenic environmental gradients26. 
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RESULTS & DISCUSSION: 

We compiled existing datasets that provided determinations of the spatial extent of surface mining 

in the region over time by obtaining nonpoint discharge elimination system (NPDES) permit 

records for mining activities (maintained by WVDEP accessed online 6/24/2010), land cover 

classification data determined from National Landcover dataset (NLCD 2001), and surface mining 

maps derived from multidecade (1975, 1985, 1995, 2005) Landsat satellite data for a 59-county 

area spanning much of the Central Appalachian Coal Region (Figure 2A). We obtained data on 

water quality and macroinvertebrates that were collected and analyzed by the WV Department of 

Environmental Protection (WVDEP 2010 provided 6/30/10).  Field samples and remote sensing 

derived mine mapping overlapped for a 14 county study area in southern WV (Figure 2B) from 

which we acquired a final dataset consisting of 283 stream reaches for which both stream water 

sample analysis and stream benthic invertebrate collection data were available from summer 

collection efforts. We delineated watersheds draining to each of these 283 sampling points and 

estimated the total surface area covered by forests, development of by surface mining operations.  

Surface mining operations were further classified as mountaintop removal mines (MTM), non 

MTM surface mines (~contour or strip mines), or valley fills.  Our estimates of cumulative surface 

mining in the region derived from remote sensing image analysis are in close agreement with the 

cumulative extent of area disturbed through mining reported by NPDES permit inspectors (Figure 

2C). It is important to acknowledge that the precision of our remote sensing derived estimates of 

surface mining has not yet been estimated through ground-truthing.  Rigorous evaluation and cross 

validation of mining maps is a priority for our ongoing research effort. 

Within this dataset, 231 streams drained watersheds with some amount of mining (0.03 to 95.7% 

mined) and 212 streams drained watersheds with >1% of their watershed developed (1 to 20% 

developed). A total of 19 stream samples were classified from the land use data as forested 

watersheds (no surface mining or NPDES permits, <1% developed) and the dataset included 12 

streams classified as reference watersheds by the state of WV.  Stream stations sampled by the 

WVDEP drained watersheds that had up to 95% (18±21%, mean ±sd) of their surface area in active 

or reclaimed surface mines and up to 20% (3 ± 3% mean ±sd) of their watershed area classified as 

developed.. 
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To determine if watersheds having a greater proportion of mining have higher significantly higher 

streamwater conductivity (Question 1), we examined statistical relationships between the areal 

extent of surface mining and conductivity and solute (sulfate and nitrate) concentrations.  We found 

that the total surface area mined within a watershed, regardless of what year the mining activity 

was delineated from Landsat imagery, correlated most strongly with water quality metrics..  

Analyses that only used the most recent 2005 surface mining delineation, or which excluded all but 

MTM surface mining operations were less strongly correlated with water quality metrics.  As a 

result of these comparisons, we chose to examine how the cumulative extent of all surface mining 

within a watershed (across all years and all types) was related to water quality and biological 

changes in the region. We also examined whether variation in the extent of watershed development 

was a good predictor of water quality changes. 

We found that the proportion of watersheds that were mined was strongly positively correlated with 

streamwater sulfate and nitrate concentrations and with the electrical conductivity of the water in 

draining streams (Figure 3).  Mined streams had higher alkalinity and pH than unmined streams in 

the region (Table 1).  There were insufficient records of trace metal and metalloid concentrations 

within our dataset to examine relationships with mining, however analysis of the entire WVDEP 

database (beyond the 14 county area to which our analyses were restricted) showed that sulfate was 

strongly positively correlated with trace metals (Mn, Fe, Al) and the metalloid Se12. In contrast, 

development activities within the 14 county area were not correlated with conductivity or nitrate 

and were slightly negatively correlated with sulfate concentrations (Figure 3) and did not lead to 

significant alterations of pH or alkalinity (Table 1).  The negative relationship observed between 

conductivity and water quality for the upper quantiles of the dataset (Figure 3) occurs because some 

of the watersheds with little development had large mining impacts whose water quality impacts far 

exceed that of development in this region (Figure 3).  Variation in sulfate, nitrate and conductivity 

in undeveloped watersheds is highly correlated with the extent of mining in those watersheds. 

To assess the macro-invertebrate response to increased mining extent and streamwater conductivity 

(Question 2), we first examined changes in stream benthic macroinvertebrate diversity and biotic 

integrity scores by one way ANOVA and Tukey’s HSD to compare WV reference streams with the 

231 mined streams, split into 5 equally populated bins of increasing mining intensity.  We also 

7 



 

 

 

 

 

 

 

 

performed TITAN25 to examine taxon specific and community level responses to both gradients 

within this dataset.  We found that watershed surface mining leads to substantial changes in stream 

biota that are much more dramatic than changes attributable solely to development.  The diversity 

of intolerant taxa declined precipitously with mining (Figure 4, supplemental Figure 2) and as a 

result both types of bioassessment scores developed for West Virginia streams declined with the 

spatial extent of mining in their watershed.  The family level WV Stream Condition Index 

(WVSCI) and the Genus Level Index of Most Probable Stream Status (GLIMPSS) were 

significantly lower in mined watersheds compared to state reference sites (Figure 4).  For all three 

metrics, significant declines in diversity and stream ecological health metrics were observed even 

in the lowest mining category (<3.5% of watershed in surface mines) (Figure 4), suggesting that 

water pollution associated with even small amounts of surface mining is sufficient to reduce or 

eliminate many stream taxa.   

Using TITAN analysis to examine the aquatic invertebrate responses to the spatial extent of mining 

revealed statistically significant declines for 39 of the 196 taxa in the data set (Figure 5A).  The 

taxa most sensitive to mining represent a variety of mayfly, stonefly, caddisfly and beetle larvae 

that are all characteristic to central Appalachian streams and known to be sensitive to water 

pollution. All negatively responding taxa appeared to be very sensitive to the mining gradient, with 

all showing sharp declines in abundance at less than 10% mining (Figure 5, Supplemental Figure 

1). Prior research has demonstrated that mayflies are especially sensitive to mining-derived 

contaminants10,27 and our results support this, with even the highly tolerant mayfly genus Baetis 

showing a negative response to the mining gradient.  The nearly synchronous declines of taxa (SI 

Figure 1) was consistent with a community-level threshold26, suggesting that surface mining of as 

little as ~3% (95% CI of 0 to 2.4%) of the upstream watershed results in sharp nonlinear declines in 

the abundance of many taxa comprising downstream communities (Figure 5B, SI Figure 1).  

Several taxa increased in relative abundance along the mining gradient, primarily several genera of 

highly tolerant midges (Chironomidae) the tolerant caddisflies Chimarra, Ceratopsyche and 

Hydropsyche, and the blackfly Simulium (Figure 5A, SI Figure 2). This suite of tolerant organisms 

is entirely consistent with earlier impact studies10,16, suggesting that the same impacts observed 

immediately below valley fills are also apparent at the scale of 10-100km2 catchments.   
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Because of the uncertainty surrounding the precision of our surface mining delineation, we 

performed sensitivity analyses to examine how the TITAN threshold determination was affected by 

introducing random or systematic error into our % mining estimates (SI Section 2).  We found that 

our cumulative threshold estimate was robust to introduced error, and could only generate a 

significant increase in the threshold estimate by systematically increasing the estimates of mining 

area. This is a type of land cover classification error that could be introduced by edge effects, 

where landcover pixels at the edges of mines are systematically classified as forest cover.  Even if 

we assumed that all mined areas should be expanded by 250m along all edges, we still estimated a 

community level threshold at 4.6% of the watershed in surface mine (95% CI of 0.34 to 11.85%) 

(SI Section 2). 

Variation in the extent of development is not statistically correlated with the extent of mining 

within this dataset, yet the majority of watersheds experience both forms of land use change.  We 

reran TITAN analyses on the same dataset oriented along a development rather than the mining 

gradient and found that many fewer taxa declined significantly with development than with mining 

(Figure 5C). Those taxa that did respond declined at very low levels of development (0-5%).  

However, the results of this analysis are complicated by the fact that many of the low development 

watersheds have variable and sometimes high amounts of surface mining within their boundaries.  

Indeed, many of the taxa that declined with mining increased in abundance along the development 

gradient because of the negative relationship between % development and % mining (Figure 5C).   

While negative response of the invertebrate community peaked at similar values of % development 

and % mining, the magnitude of the sum of z- scores was much higher for mining (290.3) than for 

development (134.9). This indicates that more taxa exhibited a more abrupt decline across the 

mining gradient than across the development gradient (Figure 5B, D).  

TITAN analysis of the same dataset across a conductivity gradient found that increases in 

streamwater conductivity led to significant declines in 50 of the 196 total taxa and explained a 

larger amount of the variation in abundance data than either land cover variable (sum z =379.1).  

The threshold at which community changes are most drastic was at 277μS cm-1 (95% CI of 176 to 

344 μS cm-1), a number which is remarkably consistent with the EPA Guidance23 recommended 

maximum conductivity of 300 μS cm-1. Across this region, conductivity is highly correlated with 
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the areal extent of mining (Figure 3).  Our analyses suggest that this conductivity threshold is 

typically reached when <5% of the upstream watershed is impacted by surface mining. 

In our analyses we did not distinguish between old or new surface mining because we were unable 

to find any statistical evidence that the impacts of mining are ameliorated through time.  We also 

did not distinguish between mountaintop mining operations and more traditional surface strip or 

contour mines in the region because we were unable to detect statistical differences between these 

two types of mining.  Similarly, our efforts to weight impacts based on hydrologic connection to 

the stream channel (inverse distance weighting approaches) did not improve statistical 

relationships. The stream sampling dataset acquired from the WVDEP was not collected with the 

purpose of examining the efficacy of mine reclamation or mining configurations in ameliorating 

downstream impacts and thus we do not view inability to detect such subtleties in the current 

dataset as conclusive. Instead we urge that new spatial data on mining activities be used to guide 

rigorous field sampling campaigns to make these critical comparisons.   

CONCLUSIONS 

This work demonstrates for the first time a statistically significant relationship between the areal 

extent of surface mining in the Central Appalachians and variation in both the chemistry and 

biological community structure of receiving streams.  Our analyses demonstrate that even small 

amounts of surface mining can dramatically increase streamwater conductivity, pH and alkalinity 

and dramatically reduce the abundance of many aquatic insects. Our community threshold analyses 

suggest that macroinvertebrate community composition shifts dramatically once streams reach 

conductivities of ~300 μS/cm – a level achieved with very low levels of watershed surface mining.  

An important argument for a casual pathway from mining to conductivity to community thresholds 

is the large proportion of shared taxa that declined in response to both watershed mining and 

conductivity. Of the 39 taxa that significantly declined along the mining gradient, 24 significantly 

declined with increasing conductivity.  Conversely, few of the taxa that responded negatively to the 

development gradient declined with increasing conductivity. 

These results have important policy implications. First, the fact that the cumulative impacts of 

MTM on water quality and on the biological condition of streams are readily quantifiable and 

10 



 

 

 

 

 

 

 

 

cannot be attributed to development have the potential to inform decisions on the amount of mining 

regulators allow in a given watershed. Second, using a novel and rigorous method of data analysis 

to test for thresholds (TITAN), we found a threshold conductivity level (277μS cm-1 with 95% CI 

of 176 -344 μS cm-1) that is remarkably similar to the benchmark of 300 uS/cm that the US EPA 

has proposed to be protective of aquatic life in their recently issued guidance document, lending 

support to their draft conductivity benchmark.   

METHODS 

Regional Mapping of Surface Mining: Surface mining activity was mapped from digital multispectral 

images collected by the Multispectral Scanner (MSS) and Thematic Mapper (TM) sensors carried by the 

Landsat series of remote-sensing satellites. Historical images in the Landsat archive28 were reviewed for 

cloud cover, smog and haze. Mid-summer images were favored to facilitate the identification of 

disturbed areas and minimize seasonal variations in solar illumination.  To ensure detection of mining 

disturbance since the 1970s while minimizing the total volume of data for analysis, mid-decade imagery 

was chosen (SI Section II). Digital elevation data were also acquired for topographic analysis, enabling 

the identification of ridges and mountaintops throughout the study area as a means of discriminating 

MTR operations from other types of surface mining. We opted to use 3-arc-second (1x1 minute) DEM 

data compiled by the U.S. Defense Mapping Agency. This series was distributed as 1x1 degree areas that 

corresponding to the east or west half of the USGS 1:250,000 scale topographic quadrangle map series.  

These elevation data are from topographic surveys that mostly pre-date 1976 and therefore provide the 

best available representation of topography in the study area prior to the advent of mountaintop removal 

mining.  The horizontal position error of this elevation dataset is generally stated to be 100 meters or less. 

Other supporting digital GIS data included detailed transportation features and populated areas derived 

from USGS 1:24,000-scale topographic maps29. The river and stream vectors that comprise regional 

hydrology were compiled from the 1:24,000-scale National Hydrography dataset30 . 

Image Processing:  Image processing and analysis was performed using Erdas IMAGINE image 

processing and GIS software on a standard Windows-based workstation. All images were placed into a 

common map projection (UTM Zone 17 North – WGS84 datum) using standard techniques that 

included the selection of image-to-map tie points by an experienced operator, and digital resampling of 

the images using a nearest-neighbor algorithm to preserve the original spectral information.  Additional 

processing included the creation of same-date, path-oriented mosaics to simplify the classification 
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process. The georectified mosaics were then cropped to the study area boundary to reduce computer 

processing time. 

An iterative, two-stage process was developed to identify and delineate areas disturbed by traditional 

surface mining and by mountaintop removal mining (MTR).  First, land cover classification was 

performed for each date of imagery. Classification followed a two-step process: pixel-based spectral 

signatures of various land-cover types were identified; then a decision-tree analysis was used to classify 

areas of active surface mining. Pixel-based classification was performed using the supervised maximum 

likelihood technique31. Given the rugged terrain of the region, the image data were first spectrally 

enhanced to reduce albedo-related variations in illumination and spectral characteristics using the 

hyperspherical direction cosine (HSDC) method32. Training samples were selected for each date of 

imagery to yield land-cover classes compatible with the Anderson Level II system33, such as bare rock, 

soil, forest, grasses/crops, water, clouds, etc. The results of this procedure were then modified by 

classifying any bare rock and soil outside of a 400 meter buffer zone around rivers, highways and 

agricultural areas. This separates areas of bare soil and rock likely attributable to active mining from 

areas naturally devoid of vegetation, such as river banks and channels, paved surfaces, and plowed or 

fallow fields.   

Second, topographic analysis was performed to subdivide the classified mining areas into “MTR” and 

“Other Surface Mining” categories.  While the legal definition of MTM as defined by the U.S. Office of 

Surface Mining is too vague to implement directly into a GIS model, their definition did guide the 

development of a reproducible, rule-based method by SkyTruth for identifying MTR areas. We started 

from the perspective that, to qualify as MTR, an individual mining operation had to 1) cross a ridge top 

or peak, and 2) impact an area significantly larger than a typical conventional strip mine. 

Using digital elevation data from the U.S. Geological Survey 1:100,000 series, the terrain parameters 

that characterize ridge tops and peaks, slopes and valleys were calculated.  We defined a ridge top or 

peak as a point that lies on a local convexity that is orthogonal to a line with no convexity or concavity. 

After ridge tops and peaks were identified and delineated from the elevation dataset using these criteria, 

contiguous areas encompassing fewer than  40 acres were eliminated to minimize noise in the analysis. 

MTR operations were identified in the mining land-cover class by calculating the percentage of ridge top 

that comprised the mine’s total area. We produced two categories of MTR mines: contiguous mining 
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area spanning more than 320 acres and containing more than 40 acres of ridge top, and contiguous 

mining areas between 40 and 320 acres that contain at least 10 - 40 acres of ridge top in the mined area.  

Digital boundaries delineating the MTR areas, and the other surface mining areas identified by this 

analysis were analyzed for the entire region (SI Table 2) and files were exported in GIS-compatible 

shapefile format.  

Water Quality and Stream Benthic Samples: We obtained data on water quality and 

macroinvertebrates collected and analyzed by the WV Department of Environmental Protection 

(WVDEP 2010 provided 6/30/10 in response to FOIA request).  The full dataset includes water 

quality, stream habitat and stream benthos information on 6463 stream reaches.  Samples were 

collected between 1996 and 2009. From this large dataset we extracted all sample data that met the 

following selection criteria: streams <10m wide draining watersheds completely contained within 

the 14 county area of southern WV for which we had mapped the extent of surface mining; samples 

for which benthic macroinvertebrate samples were collected during summer surveys and identified 

to genus; and samples for which at least streamwater conductivity and sulfate concentrations were 

recorded.   

Watershed Delineation for Stream Sampling Stations: Geospatial analysis to determine the areas of 

surface mining and developed lands upstream of water quality sample locations was performed 

using Environmental Systems Research Institute’s (ESRI’s) ArcGIS software, version 9.3.1. Digital 

elevation model (DEM), hydrography, land cover, surface mining, and water quality sample 

location data for the entire area draining into the 14 West Virginia counties examined were 

assembled into a geographic information system (GIS) with all data georeferenced to the Albers 

Equal Area projection. The DEM data, a subset of the National Elevation Dataset34, were obtained 

from the National Hydrography Dataset Plus (NHD+)30 and represent elevation as 30 x 30 m pixels. 

We also obtained flow direction, a derivative of the elevation dataset, as well as 1:100,000 scale 

stream flow-lines from the NHD+ and added them to our GIS database. The land cover data we 

obtained are part of the 2001 National Land Cover Database35 and were obtained from the USGS 

Multi-Resolution Land Characteristics Consortium (MLRC)i. The DEM, hydrography, and land 

cover data were all obtained as ArcGIS formatted files in the Albers projection and needed no 

further processing to be added to our spatial database.  
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Stream sampling point coordinates were used to construct an ArcGIS point file referenced to a 

geographic coordinate system (WGS 84), which was then projected into the same Albers coordinate 

system used by the other spatial datasets.  Water quality point locations had to be snapped to areas 

of high flow accumulation (i.e. stream cells) to properly calculate upstream areas. ArcGIS has a 

tool, “snap pour point”, designed to do this, but it worked too coarsely, snapping some points to 

the wrong stream while unable to snap other points to correct locations. We therefore developed an 

iterative snapping algorithm that gradually moves a point along routes of higher flow accumulation 

until a stream cell is met. With all sample points snapped to the nearest stream location, we used 

the ArcGIS watershed tool to identify all cells upstream of a given point. We then calculated the 

area of historical surface mining and of developed areas by tabulating the number of mined cells 

(from the mining delineation dataset) and the number of developed cells (from the “Developed” 

classes in the NLCD 2001 dataset) , respectively. 

Statistical Analyses: 

For the data analysis to address question 1, we estimated the total watershed area that had ever been 

mined (active and past surface mining) and used that estimate of cumulative mining extent as a 

predictor variable. We examined statistical relationships between solute concentrations along both 

mining and development gradients using quantile regression.  We also split the full mining dataset 

into 5 equal categories of mining extent and examined changes in water quality and in 

macroinvertebrate taxa richness and in two benthic indicator scores developed for Central 

Appalachian streams by one way ANOVA and Tukey’s HSD.   

TITAN Analysis: To address question 2, we performed Threshold Indicator Taxa Analysis 

(TITAN36) to examine taxon specific and community level responses to both gradients within this 

dataset. First, TITAN estimates the value of the environmental variable that produces the greatest 

change in both the abundance and frequency of occurrence of each individual taxon with a 

minimum of 5 occurrences within a sample population. Since TITAN requires only 5 occurrences 

for analysis it is sensitive to rare species, a distinct advantage for detecting local biodiversity loss.  

The magnitude of the response is quantified as an indicator value z score37. The observed change 

point for a taxon is the value where the indicator score reaches its maximum.  Individual taxa 

change points are bootstrapped to assess consistency in the direction (negative or positive) and 
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location of response (confidence intervals) to the gradient.  Because indicator scores are 

standardized to z scores, taxa that do not respond to the gradient achieve very low or negative z 

scores thus provide minimal weight (or noise) to the assessment of community response.   

Potential community-level thresholds are assessed by separating negative (z-) and positive (z-) taxa 

responses, summing the z+ and z- taxa separately, and tracking these aggregate responses for every 

potential change point value along the environmental gradient.  Synchronous change points among 

multiple taxa within a narrow range of environmental values results in a distinct peak in the sum of 

the taxa z-scores (sum(z-) for negative responses, sum(z+) for positive responses).  The magnitude 

of the sum(z) scores are also a direct measure of the magnitude of the effect of an environmental 

predictor. Collectively, a large, sharp peak in sum(z) values, obvious synchrony in numerous taxa 

change points, and evolutionary and life-history relationships among responsive taxa that are 

consistent with known sensitivities to anthropogenic gradients serve as empirical evidence for a 

community-level threshold26. While uncertainty may be relatively high about the location of low-

frequency individual taxa thresholds, synchrony in the conductivity level point-of-decline of many 

species, including rare ones, bolsters confidence in the robustness of the community threshold. 
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FIGURE 1 – Photos from the Hobet mine, a 40mi2 surface mine in southern WV. (A) An aerial view of a 

portion of the mine above Laurel Fork during active mining in 2006 (Vivian Stockman, OVEC); (B) a 

closeup view of the reclaimed mine surface above Laurel Fork in June 2010; (C) a filled tributary to 

Laurel Fork in 2010; a settling pond below the valley fill in C; (D) a closeup of the sediments of the valley 

fill drainage showing carbonate deposits. All photos except A by ESB. 





                          
                   

 

 
   

Figure 3. Quantile regressions for streamwater conductivity, nitrate and sulfate across the two 

dominant land cover gradients, surface mining (A&B) and development (C&D). 







                             
                                 

                         
 

 

FIGURE 6.TITAN results for taxa having both high purity and reliability when run against conductivity 

Points are centered on the estimated change point for each taxa, horizontal lines indicate 95% CI based 

on 500 bootstrap replicates, and point size is proportional to the taxa z‐score. 



  

  
  

 

 

 
 

 

Supplemental Material to be online  

(to accompany Bernhardt et al. “How many mountains can we mine…”) 

This Supplement Includes two figures (Figures 1 and 2) and one table (Table 2) that are directly 
referenced in the text as well as a detailed description of sensitivity analyses that we 
performed to test the robustness of our TITAN estimates.  The section on sensitivity analyses 
is referred to in the present manuscript as “SI Section 2” 

Figure Headings 

Supplemental Figure 1: Abundance patterns for individual taxa determined to respond 
significantly and negatively to the extent of surface mining in their catchment.   

Supplemental Figure 2: Abundance patterns for individual macroinvertebrate taxa that 
evidenced a positive response to the extent of surface mining in their catchments. 



 

Figure 1 Part 1 




 

Figure 1 Part 2 




 

Figure 1 Part 3 




 

Figure 1 Part 4 




 

Figure 2 




 

 

 

 

          

  

 

 

 

 

 

 

 

 

 

 

 

   

 

SI Section 2: Sensitivity Analyses with TITAN 

Because we do not yet have estimates of the precision of our areal estimates of surface mining 
activity, we performed a series of sensitivity analyses with TITAN to determine whether our estimates 
of a mining threshold were robust to several types of possible error in surface mining estimates.  We 
introduced error to the dataset using 3 different approaches. 

Method I: Random inflation/deflation of %mining (Figure 3) 

We created a vector of values from random normal 
distribution (µ = 10, sd = 3) equal in length to %mining 
gradient and then divided vector by 10 (to give values 
from -1 to 1, centered around 0).  We multiplied this 
vector value by %mining and summed with %mining. 
This introduces random scatter into the %mining 
estimates, with the scatter increasing proportional to the 
absolute %mining value.    

Method II: Replacement of 10% of data w/ random values 
(Figure 4) 

We randomly selected 10% of the total observations and 
assigned them a random %mining value between 0-100% 

Method III: 250m Buffer around all mined areas (Figure 5) 

We assume that the largest uncertainty in the satellite 
imagery processing is the accuracty in determining the 
the perimeter of mined areas.  Based on the geometry 
and total area of each watershed, as well as the geometry 
of the mined area within or near the watershed, 
uncertainty at the edge of mined areas can impact each 
watershed differently.  We added 250m buffers (~8pixels) 
to the edge of every mined area (Figure 6), recalculated 
%mining within each watershed, and re-ran TITAN with 
these values. 



 

 

 

 

 

 

 

 

 

 

 
   

 

 

 

 

   

    

   
   

    
   

   

   
   

   

     
   

   

Supplemental Figure 6.  Example of buffered mine delineations.  Green = SkyTruth
Mining extent; Red =
watershed boundaries.

Buffered extension of mining delineation; Blue lines =

We found that TITAN results are robust when we introduce a moderate amount of 
random variation in the %mining values (Method 1, Supplemental Table 1, Supplemental
Figure 7).  The estimated change point value and CI are very similar to non‐modified
result (Supplemental Table 1). 

Supplemental Table 1.  Change point values (+/- 95% boostrap CI) for each TITAN run.  

Change Point Lower 95% CI Upper 95% CI 

No Modifications 
 sumz- 1.28 0.00 2.43
 sumz+ 63.08 15.36 67.47 

Random Change 10% Sites 
 sumz- 0.04 0.00 2.06
 sumz+ 65.45 27.01 91.27 

Normal Distribution Modifier 
 sumz- 0.06 0.00 2.36
 sumz+ 41.04 10.09 61.02 

Buffered Areas by 250m
 sumz- 4.66 0.34 11.85
 sumz+ 100.00 59.69 100.00 

Similarly, when we replaced 10% of the observations with a random % mining value 
(Method 2), the overall community response value remains unchanged (Supplemental 
Table 1) but the number of taxa responding negatively decreases. (Supplemental Figure 
8).  This is likely because the random reassignment led to assigning rare taxa found only 
at a small number of unmined sites to some mined sites.  This reassignment can 
introduce enough uncertainty in the patterns of abundance for rare taxa that a change 
point for that taxa cannot be determined 



 

 

 

 

 

 

 

 

 

 

 

When we introduced systematic error by increasing the size of mined areas by 250m along all 
edges (Method 3) we were able to increase the change point estimate and confidence interval 
values (Supplemental Table 1, Supplemental Figure 9).  We expected the values would 
increase (because we added mining area without changing patterns of taxa abundance).  We 
found this error slightly inflated the estimated change point (from 1.3 to 4.7% mining) and 
increased the 95% confidence interval around this estimate.  While such error causes the 
change point to be broader, there is still a clearly defined negative response (Supplemental 
Figure 9). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Figure 7  




 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Figure 8 




 

 

 

 

 

 

 

 

Supplemental Figure 9 
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U.S. Environmental Protection Agency 
EPA Docket Center (EPA/DC) 
Water Docket, MC 2822T 
1200 Pennsylvania Avenue, N.W.  
Washington, D.C. 20460 
 
RE:   Comments on Docket ID No. EPA‐HQ‐OW‐2010‐0315 

 April 1, 2010 Detailed Guidance on Improving EPA Review of Appalachian Surface Coal 
Mining Operations under the CWA, NEPA, & the Environmental Justice EO  

 
To whom it may concern: 
 
Thank you for the opportunity to provide comments.  In general, we want to commend EPA for 
the documents released on April 1, 2010.   There has clearly been serious attention paid to 
ensuring that the guidance is informed by strong science.  We provide the following comments 
with the hope that our input will further strengthen the final version.   For context, we are 
stream ecologists with many years of expertise in aquatic ecology.  Collectively our expertise 
includes stream restoration, the role of ecological processes and ecosystem features in 
supporting the structure and function of streams, stream and watershed biogeochemistry, and 
biostatistics.     
 
There is now abundant scientific evidence from studies conducted by both EPA scientists and by 
independent scientists that the environmental impacts of surface coal mining in the 
Appalachian region cause serious and irreversible harm to aquatic ecosystems. The risks to 
aquatic systems come not only from direct loss of habitats and species due to the mining 
process and valley fills but there are substantial risks to aquatic life that extend downstream 
from mine sites.  Surface mining results in the mobilization of dissolved solutes from mining 
residues (coal waste and rock overburden).   Many of the solutes that are mobilized are ions 
(e.g., Mg, Fe, Mn, Se, etc.) which collectively lead to higher electrical conductivity in receiving 
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streams.   Several of the more toxic ions (especially Se, Mn) are known to accumulate at high 
concentrations in stream biofilms where they may enter stream food webs (Conley et al. 2009; 
Lemly 2002, Lemly 2008)1.   Whether or not individual component ions within mining‐derived 
runoff reach streamwater concentrations that are individually lethal or toxic to aquatic life, the 
cumulative effect of elevated concentrations of multiple contaminants is clearly associated with 
a substantial reduction in water quality and biological integrity in streams and rivers below 
mine sites.  EPA is to be commended for using conductivity as a benchmark because it is a 
robust measure of the cumulative or additive impacts of the elevated concentrations of 
multiple chemical stressors from mine sites that lead to biological impairment of streams.   
Each constituent pollutant increases conductivity and they may have additive or multiplicative 
ecological impacts. 
 
Two EPA reports2 document this impact quite well citing a substantial body of peer‐reviewed 
research publications. A few additional papers have been published since these two reports 
were released and they provide additional evidence that conductivity is substantially elevated 
below mine sites and that stream biological integrity is substantially impacted including both 
the structure and function of the streams (Fritz et al. 20103, Johnson et al. 20104, Pond 20105).  
The scientific evidence that conductivity below surface mines is substantially elevated and that 
higher conductivity is associated with biological impairment is now overwhelming.  Further, the 
methods used by the U.S. EPA1 as well as those used in independent studies by Johnson et al.  
(2010)3 and by Bernhardt et al. (in review), all demonstrate that the use of conductivity as a 
benchmark to regulate mining is supported by very strong science.   

                                                            
1Conley,  J.M., D.H, Funk, and D.B. Buchwalter. 2009.. Selenium Bioaccumulation and Maternal Transfer 
in the Mayfly Centroptilum triangulifer in a Life‐Cycle, Periphyton‐Biofilm Trophic Assay. Env. Sci. & 
Techology /43:7952‐7957; Lemly, A.D. 2002.  Selenium assessment in aquatic ecosystems: A guide for 
hazard evaluation and water quality criteria.  New York: Springer‐Verlag New York, Inc.  162pp.;  
Lemly, A.D. 2008. Aquatic hazard of selenium pollution from coal mining. Pages 167‐183 (Chapter 6) in 
G.B. Fosdyke, editor. Coal Mining: Research, Technology, and Safety. Nova Science Publishers, Inc., New 
York. 
2U.S. EPA. 2010.  A field‐based aquatic life benchmark for conductivity in central Appalachian streams. 
EPA/600/R‐10/023A ;   U.S. EPA 2009. The Effects of Mountaintop Mines and Valley Fills on Aquatic 
Ecosystems of the Central Appalachian Coalfields EPA/600/R‐09/138A 
3 Fritz, K.M., S. Fulton, B.R. Johnson, C.D. Barton, J.D. Jack, D.A. Word, and R.A. Burke. 2010. Structural 
and functional characteristics of natural and constructed channels draining a reclaimed mountaintop 
removal and valley fill coal mine. J. North Amer. Benthological Soc  29(2): 673‐689.  
4 Johnson, B.R., A. Haas, and K. M. Fritz1 2010. Use of spatially explicit physicochemical data to measure 
downstream impacts of headwater stream disturbance. Water Resources Res. 46: W09526, 
doi:10.1029/2009WR008417 
5Pond, G. 2010.  Patterns of Ephemeroptera taxa loss in Appalachian headwater streams (Kentucky, 
USA), Hydrobiologia Hydrobiologia DOI 10.1007/s10750‐009‐0081‐6 
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 We do, however, have several concerns about the April 1 Guidance: 
 

1. The upper level conductivity limit of 500 µS/cm identified by EPA is higher than what the 
weight of scientific evidence supports.  Significant biological impairment occurs at lower levels 
of conductivity.  Pond (2010)4 found “a strong threshold‐type response between % mayflies and 
increasing specific conductance … when specific conductance was 175 uS/cm (change point 
analysis; lower 90% CL = 124 µS/cm, upper CL = 336 µS/cm)”. Further, EPA found that 
“conductivity levels of 300 µS/cm or below in Appalachian headwater streams is a benchmark 
for retaining 95% of native benthic species” (page 21, Detailed Guidance), yet a level of 500 
µS/cm was set as the upper limit despite lack of quantitative scientific reasoning for selection of 
this higher level.  The Detailed Guidance (bottom, page 11) cites Pond et al. (2008)6 in support 
of this high level, yet Pond et al. grouped their study sites into classes based on conductivity 
and 500 µS/cm was the lowest category class they used. 
 
Additionally, we conducted an independent analysis of West Virginia DEP water quality data 
(Bernhardt et al. in review) using a state‐of‐the‐art threshold detection (TITAN; Baker and King 
20107) method that is more rigorous than the method used by EPA (Cormier et al. 20108).  We 
found a threshold level (277μS cm‐1 with 95% CI of 176 ‐344 μS cm‐1) remarkably similar to that 
found by Cormier et al. and significantly less than the 500 μS/cm upper limit EPA identifies in 
the Detailed Guidance.  Further, because the Cormier et al. method is based on extirpation of 
macroinvertebrates only for those genera with ≥ 30 observations, even they acknowledged 
their benchmark may not be sufficiently conservative.  The method we employed estimates the 
point of greatest decline in the frequency and abundance of species and only requires 5 
occurrences for analysis meaning it can incorporate responses of rare species.  The EPA method 
required a minimum of 30 occurrences per taxon, or ~10% of the sample units in the data set.  
Imposing higher occurrence frequencies increases the probability of selecting taxa that span a  
wider range of conductivity, and thus may bias the conductivity benchmark higher than it would 
be if less frequent and potentially more sensitive taxa were included in the analysis.  
 

An additionally important point we provide in Bernhardt et al. (in review) is that there is an 
unusually high level of synchrony in the conductivity level point‐of‐decline of many species, 
including rare ones i.e., the conductivity level at which each taxonomic group declined 
precipitously was virtually the same.  This allowed us to truly identify a community threshold 

                                                            
6 Pond, G.J., M.E. Passmore, F.A. Borsuk, L. Reynolds, and C.J. Rose. (2008) Downstream effects of 
mountaintop coal mining: comparing biological conditions using family‐ and genus‐level 
macroinvertebrate bioassessment tools. J North Amer Benthological Soc.  27: 717‐737.  
7 Baker, M. E. and R. S. King. 2010. A new method for identifying and interpreting biodiversity and 
ecological community thresholds. Methods in Ecology and Evolution 1.25‐37.  
8 Cormier, S.M., G.W. Suter, L.L. Yaun, L.L. Zheng. 20010. A Field‐based Aquatic Life Benchmark for 
Conductivity in Central Appalachian Streams. U.S. EPA  Office of Research and Development, National 
Center for Environmental Assessment, Washington, DC. EPA/600/R‐10/023A. 
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response to conductivity that is quite robust statistically.   
 

Finally, EPA estimated different conductivity benchmarks for spring, summer, and combined 
spring/summer data ("all year").  The 300 uS/cm benchmark EPA set was found using the "all 
year" data.  The 5th percentile hazardous concentration value EPA found in the summer was 479 
uS/cm but in the spring when runoff is higher and presumably ion concentrations more dilute, 
they found a value of 322 uS/cm.   We used summer‐only data and found the TITAN 
conductivity threshold was 277 uS/cm (Bernhardt et al. in review).  Because the all‐year EPA 
benchmark was based on samples spanning periods of lower conductivity (in spring), the TITAN 
result we found would almost certainly be even lower than 277 uS/cm if we had analyzed taxa 
responses to the all‐year conductivity data. Thus, we again suggest that there is considerable 
evidence that the true level of conductivity that causes sharp biological degradation is much 
lower than 500 uS/cm. 
 

2. A sequenced permitting process is not sufficiently protective of Appalachian streams and 
rivers.   Under Section IV. C 2 (page 22) of the Detailed Guidance, EPA recommends a 
“sequenced permitting process” in which permits would be allowed so long as post‐mining 
monitoring does not demonstrate that conductivity levels exceed 500 µS/cm. However, once 
the mining has occurred and conductivity levels exceed 500 µS/cm, the damage to streams has 
already occurred and to date there is no evidence that it can be reversed.  Recovery of the 
biological communities in mining waste impacted streams has not been documented and 
sulfate pollution9 is known to persist long after mining activities in a watershed cease10. 
Additionally, the EPA’s Detailed Guidance provides no examples and, we know of no published 
examples that exist, that document that a large coal surface mine and valley fill operation has 
ever been accomplished without generating substantial increases in conductivity that typically 
exceed 500 µS/cm.  In our own field research efforts in the region which include sampling the 
conductivity of 3rd and 4th order streams that receive the drainage from valley fills more than 20 
years old, we measure conductivities that typically exceed 1000 µS/cm.  In the face of abundant 
evidence to the contrary, it is hard to understand how EPA can continue to permit the same 
sorts of surface mining operations and valley fills as have been done in the past with any 
legitimate expectation of a different water quality outcome. 
 
 

                                                            
9 Sulfate concentration has been used by scientists including USGS and the WV DEP, as an indicator of 
mining impact.  Bernhardt et al. (in review) similarly found it was highly correlated with amount of 
mining in a watershed and conductivity.  
10 J.I. Sams, K.M. Beer. U.S. G.S. Water Resources Report 99‐4208  (2000). 

http://pa.water.usgs.gov/reports/wrir 99‐4208.pdf 
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3. Functional assessments must be completed to determine mitigation requirements; 
however, stream creation is not a scientifically supported mitigation method.   With regard to 
Section IV C 6 of the Detailed Guidance, we support the use of functional impact assessment 
requirements; however, we object strongly to parts of the “expectations for compensatory 
mitigation.”  Specifically, item d. – “stream establishment – created stream channels should be 
designed to develop good water quality, healthy and diverse biological communities and similar 
hydrologic regimes as streams impacted by mining activities.”  There is no evidence that 
streams can be “created” that support the suite of structural and functional attributes of 
healthy streams despite multiple attempts both by mining companies and researchers from the 
University of Kentucky.  The latter has involved rigorous and well designed research  at “the 
Guy Cove project” site to create headwater streams on an old mine fill site that has conductivity 
effluent levels of> 1900 µS/cm.  Guy Cove researchers have reported at a number of 
conferences that they were successful in “creating” surface flows by lining a newly dug channel 
and that using a “wetland bioreactor” they were able to reduce conductivity in the crown of the 
fill; however, as the authors acknowledged in conference talks, streamwater conductivity at the 
toe slope of the valley fill is typically > 1000 µS/cm  ‐ indicating that the created channel is not 
mitigating the contaminant loading to downstream ecosystems from this reclaimed mine.  
Further, creating surface flows in a lined ditch does not replace an ecologically healthy stream 
that supports the full suite of ecological functions expected for this region of the country.  

 

In summary, we applaud the rigorous scientific efforts EPA is seeking to finalize the Guidance 
Document and we urge the EPA to apply the best available science in their implementation of 
the guidance.  Based on what is currently known about surface coal mining operations in the 
Central Appalachians, it is clear that mining‐derived runoff leads to impaired water quality and 
biological communities in receiving streams; that contaminant loads from mining accumulate in 
river networks and propagate downstream; and that new mining activities are associated with 
new contaminant loading against a background of historic surface mining contaminant loads 
that are not demonstrably abating over time.  To date, there is little evidence in the peer 
reviewed literature that efforts to mitigate for these water quality impacts through mine 
reclamation, stream creation, stream restoration or chemical treatment have been effective. 

 
Sincerely yours,  

 
Margaret A. Palmer       Emily S. Bernhardt         Ryan S. King 
Professor & Director      Associate Professor        Associate Professor 
University of Maryland    Duke University        Baylor University   
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12/20/2010 07:38 AM

To Stefania Shamet

cc Christopher Hunter, Palmer Hough

bcc

Subject Re: Spruce & 303(d)

Here is the narrative section of the 2008 and 2010 IR.  Public participation/Response Summary is found 
on page 34 in the 2008 IR, and on page 35 in the draft 2010 report. I did not clip the "responses" and put 
in a separate document per se as you requested.

  WV_IR_2008_Report_Only_EPA_Approved.pdf    WV_IR_2008_Report_Only_EPA_Approved.pdf    WV_2010_IR_Narrative_Only_FINAL_20101109.pdf    WV_2010_IR_Narrative_Only_FINAL_20101109.pdf  
Greg Pond
Office of Monitoring and Assessment
U.S. EPA Region 3
1060 Chapline Street, Suite 303
Wheeling, WV  26003-2995
(p) 304-234-0243
(f)  304-234-0260
pond.greg@epa.gov
Website: http://epa.gov/reg3esd1/3ea50.htm

Stefania Shamet 12/20/2010 05:16:12 AMGreg -- could you please sent the 2008 and 201...

From: Stefania Shamet/R3/USEPA/US
To: Greg Pond/R3/USEPA/US@EPA
Cc: Palmer Hough/DC/USEPA/US@EPA, Christopher Hunter/DC/USEPA/US@EPA
Date: 12/20/2010 05:16 AM
Subject: Spruce & 303(d)

Greg -- could you please sent the 2008 and 2010 WVDEP response to comments on the 303(d) list to 
Chris & Palmer for inclusion in the Spruce Administrative Record?

In addition, Chris, Palmer -- Please include the 2010 list --it can be located at 
www.dep.wv.gov/WWE/watershed/IR/Pages/303d.305b.aspx

We refer to these in the response summary

Thanks.





Division of Water and Waste Management

WEST VIRGINIA INTEGRATED WATER QUALITY MONITORING AND ASSESSMENT REPORT 2008

Prepared to fulfi ll the requirements of Sections 303(d) and 305(b) of the federal Clean Water Act and Chapter 22, Article 11, Section 28 
of the West Virginia Water Pollution Control Act for the period of July 2005 through June 2007.

 Joe Manchin III    Randy C. Huffman      Scott  G. Mandirola 
        Governor         Cabinet Secretary                       Acting Director
      Department of Environmental Protection          Division of Water and Waste Management

www.wvdep.org
Promoting a healthy environment



22008 Integrated Water Quality Monitoring and Assessment Report

Table of Contents
Introduction         4

West Virginia Water Quality Standards     5
Ohio River Criteria        6

Surface Water Monitoring and Assessment    6
Streams and Rivers        6
Probabilistic (random) sampling      6
The ambient water quality monitoring network    7
Targeted sampling        7
Pre-TMDL development sampling      7
Lakes and Reservoirs        8
Wetlands         8
Citizen monitoring        9

Data Management       10
Assessed Data        10
Water Analysis Database (WabBase)     11
External data providers      11

Use Assessment Procedures      12
303(d) Listing Methodology      12
 Numeric water quality criteria    12
 Segmentation of streams      12
 Evaluation of fecal coliform numeric criteria   14
 Evaluation of pH numeric water quality criteria data  14 
 Narrative water quality criteria - biological impairment data 15 
 Narrative water quality criteria - fi sh comsumption advisories 16
Categorization of nonimpaired waters    16
 Use support       16 
 Category B (aquatic life) designated uses   16 
 Category A (public water supply) and
 Category C (contact recreation) designated uses  17 
 Category D (agriculture and wildlife) and
 Category E (water supply industrial, water transport,
 cooling and power) designated uses    17 
 Insuffi cient data and not assessed    17 

Assessment Results       18 

Probabilistic Data Summary     21
Mine drainage        21
Bacterial contamination      22
Acidity         22
Habitat quality       23
Biological impairment      24
Sources of bio-impairment      25

Major Basin Summaries      25
Guyandotte River       25
Kanawha River and major tributaries - 
 New, Bluestone, Greenbrier, Gauley, Elk and Coal rivers 25
Monongahela River and major tributaries - 
 Cheat, Tygart and West Fork rivers    26
 Cheat River TMDLs      26
Little Kanawha River       26
Ohio River        26
Tug Fork River       27

Interstate Water Coordination     27
Joint PCB Monitoring and TMDL development effort with Virginia 27
Ohio River Valley Sanitation Commission - ORSANCO  27
Chesapeake Bay       27
Interstate Commission on Potomac River Basin   28
Ohio River Basin Commission     28

Total Maximum Daily Load (TMDL) Development Process 29

Water Pollution Control Programs     30
Division of Mining and Reclamation     30
Division of Water and Waste Management    30
 National Pollution Discharge Elimination System Program 30 
 Clean Water State Revolving Fund Program   31
  Low Interest Loan Program    31 



3 Division of Water and Waste Management

Division of Water and Waste Management (Continued)
 Agriculture Water Quality Loan Program   31 
 Onsite Systems Loan Program    31 
Nonpoint Source Control Program     32
Groundwater Program      32

Public Participation and Responsiveness Summary  34

U.S. EPA Approval and Resultant Revisions    42

List Format Description      43

List Supplements Overview      43

List Key       List Key 1

List Supplements       
West Virginia Draft 2008 Section 303(d) List             List Page 1
Supplemental Table A - Previously Listed Waters -
 No TMDL Developed      A1
Supplemental Table B - Previously Listed Waters -
 TMDL Developed      B1
Supplemental Table B1 - TMDLs to be approved in 2008          B1-1
Supplemental Table C - Water Quality Improvements  C1
Supplemental Table D - Impaired Waters - No TMLD Needed D1
Supplemental Table E - Total Aluminum TMDLs Developed  E1
Supplemental Table F - New Listings for 2008   F1

Table of Contents



42008 Integrated Water Quality Monitoring and Assessment Report

INTRODUCTION

The federal Clean Water Act contains several sections requiring reporting 
on the quality of a state’s waters.  Section 305(b) requires a comprehensive 
biennial report and Section 303(d) requires, from time to time, a list of 
waters for which effl uent limitations or other controls are not suffi cient 
to meet water quality standards (impaired waters).  West Virginia code 
Chapter 22, Arcticle 11, Seciton 28 also requires a biennial report of the 
quality of the state’s waters. 
 
This document is intended to fulfi ll West Virginia’s requirements for listing 
impaired waters under Section 303(d) of the Clean Water Act and the 
Water Quality Planning and Management Regulations, 40CFR130.7.   
In addition to the list of impaired waters, it explains the data evaluated 
in the preparation of the list and methodology used to identify impaired 
waterbodies.  Information is provided that allows the tracking of previously 
listed waters that are not contained on the 2008 list.  EPA has recommended 
that requirements be accomplished in a single report that combines the 
comprehensive Section 305(b) report on water quality and the Section 
303(d) List of waters that are not meeting water quality standards.  The 
suggested format of this “Integrated Report” includes provisions for states 
to place their waters in one of the fi ve categories described in Table 1.
 
This Integrated Report is the combination of the 2008 Section 303(d) List 
and the 2008 Section 305(b) report.  This report includes data collected 
and analyzed up to June 30, 2007, from the state’s 32 major watersheds  
by the West Virginia Department of Environmental Protection’s (DEP’s) 
Watershed Assessment Branch and other federal, state, private and 
nonprofi t organizations.  Waters that are included on the 2008 Section 
303(d) List are placed in Category 5 of this report. 

Table 1 - Integrated Report categories

Category 1 fully supporting all designated uses

Category 2 fully supporting some designated uses, but no or insuffi cient 
information exists to assess the other designated uses

Category 3 insuffi cient or no information exists to determine if any of the 
uses are being met

Category 4 waters that are impaired or threatened but do not need a Total 
Maximum Daily Load

Category 4a waters that already have an approved TMDL but 
are still not meeting standards

Category 4b waters that have other control mechanisms in  
place which are reasonably expected to return the 
water to meeting designated uses

Category 4c waters that have been determined to be impaired, 
but not by a pollutant

Category 5 waters that have been assessed as impaired and are expected to 
need a TMDL

Middle Fork River in Randolph CountyMiddle Fork River in Randolph County
Photo by Nick MurrayPhoto by Nick Murray
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WEST VIRGINIA WATER QUALITY STANDARDS

Water quality standards are the backbone of the 303(d) and 305(b) 
processes of the federal Clean Water Act.  Instream data are compared with 
water quality standards to determine the use attainment status of streams 
and lakes.  In West Virginia, the water quality standards are codifi ed as 
47CSR2 – Legislative Rules of the Department of Environmental Protection 
– Requirements Governing Water Quality Standards, and at 60CSR5 
– Legislative Rules of the Department of Environmental Protection – 
Antidegradation Implementation Procedures.  Impairment assessments 
conducted for the West Virginia 2008 Integrated Water Quality Monitoring 
and Assessment Report are based upon water quality standards that 
have received EPA approval and are currently considered effective for 
Clean Water Act purposes.

A waterbody is considered impaired if it violates water quality standards 
and does not meet its designated uses.  It is then placed on the 303(d) List 
and scheduled for TMDL development.  Use attainment is determined by 
the comparison of the instream values of various water quality parameters 
to the numeric or narrative criteria specifi ed for the designated use (See the 
Assessment Methodology section for more information on use attainment 
determination).

Some examples of designated uses are water contact recreation, 
propagation and maintenance of fi sh and other aquatic life, and public 
water supply.  Designated uses are described in detail in Section 6.2 of 
47CSR2 and are summarized in Table 2.  Each of the designated uses has 
associated criteria that describe specifi c conditions that must be met to 
ensure that the water can support that use.  For example, the “propagation 
and maintenance of fi sh and other aquatic life” use requires that the pH 
remain within the range of 6.0 to 9.0 standard units at all times.  This is an 

Table 2 - West Virginia designated uses

Category Use Subcategory Use Category Description

A Public Water Human Health Waters, which, after conventional treatment, are used for human consumption.

B1
Warm Water 
Fishery

Aquatic Life
Propagation and maintenance of fi sh and other aquatic life in streams or stream segments that contain 
populations composed of all warm water aquatic life. 

B2 Trout Waters Aquatic Life
Propagation and maintenance of fi sh and other aquatic life in streams or stream segments that sustain year-
round trout populations.  Excluded are those streams or stream segments which receive annual stockings 
of trout but which do not support year-round trout populations.

B4 Wetlands Aquatic Life
Propagation and maintenance of fi sh and other aquatic life in wetlands.  Wetlands generally include 
swamps, marshes, bogs and similar areas.  

C
Water Contact 
Recreation

Human Health
Swimming, fi shing, water skiing and certain types of pleasure boating such as sailing in very small craft 
and outboard motor boats. 

D1 Irrigation All Other All stream segments used for irrigation.

D2 Livestock Watering All Other All stream segments used for livestock watering. 

D3 Wildlife All Other All stream segments and wetlands used by wildlife.

E1 Water Transport All Other All stream segments modifi ed for water transport and having permanently maintained navigation aides. 

E2 Cooling Water All Other All stream segments having one or more users for industrial cooling. 

E3 Power Production All Other
All stream segments extending from a point 500 feet upstream from the intake to a point one-half mile 
below the wastewater discharge point. 

E4 Industrial All Other All stream segments with one or more industrial users.  It does not include water for cooling. 
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example of a numeric criterion.  Numeric criteria are provided in Appendix 
E of the water quality standards.
 
Numeric criteria consist of a concentration value, exposure duration and an 
allowable exceedance frequency.  The water quality standards prescribe 
numeric criteria for the “propagation of fi sh and other aquatic life” use in 
two forms: acute criteria that are designed to prevent lethality, and chronic 
criteria that prevent retardation of growth and reproduction.  The numeric 
criteria for acute aquatic life protection are specifi ed as one-hour average 
concentrations that are not to be exceeded more than once in a three-
year period.  The criteria for chronic aquatic life protection are specifi ed as 
four-day average concentrations that are not to be exceeded more than 
once in a three-year period.  The exposure time criterion for human health 
protection is unspecifi ed but there are no allowable exceedances.

Water quality criteria also can be written in a narrative form.  For example, 
the water quality standards contain a provision that states that wastes, 
present in any waters of the state, shall not adversely alter the integrity of 
the waters or cause signifi cant adverse impact to the chemical, physical, 
hydrologic, or biological components of aquatic ecosystems.  Narrative 
criteria are contained in Section 3 of 47CSR2.  More information regarding 
the use of narrative criteria is contained in Section 5 under the discussions 
of decision criteria for biological impairment data and fi sh consumption 
advisories. 

Ohio River criteria
For the Ohio River, both the Ohio River Valley Water Sanitation Commission 
(ORSANCO) and West Virginia water quality criteria were considered, as 
agreed upon in the ORSANCO compact.  Where both ORSANCO and 
West Virginia standards contain a criterion for a particular parameter, 
instream values were compared against the more stringent criterion.  
The DEP supports ORSANCO’s efforts to promote consistent decisions 
by the various jurisdictions with authority to develop 305(b) reports and 
303(d) lists for the Ohio River.  In support of those efforts, West Virginia 
has and will continue to work with ORSANCO and the other member 
states through a workgroup charged with improving consistency of 305(b) 
reporting among compact states.  

SURFACE WATER MONITORING AND ASSESSMENT

This section describes West Virginia’s strategy to monitor and assess 
the surface waters of the state.  The DEP’s Division of Water and 
Waste Management collects most of the state’s water quality data.  The 
Watershed Assessment Branch of DWWM is responsible for general 
water quality monitoring and watershed assessment.  The remainder 
of this section describes the monitoring and assessment activities 
conducted by the Watershed Assessment Branch.

Streams and Rivers
West Virginia has a comprehensive strategy for monitoring the fl owing 
waters of the state, by far the most prevalent surface waterbody type in 
the state.  The Watershed Assessment Branch utilizes a tiered approach, 
collecting data from long-term monitoring stations, targeted sites within 
watersheds on a rotating basin schedule, randomly selected sites, and 
sites chosen to further defi ne impaired stream segments in support of 
TMDL development. The following paragraphs present these approaches 
in further detail.

Probabilistic (random) sampling
Probabilistic sampling began in 1997.  This program utilizes sites that 
are selected randomly by EPA’s Western Ecology Division Laboratory 
in Corvallis, Ore.  The data collected at these sites can be subjected to 
statistical analysis to provide an overall characterization of a watershed. 
This analysis can then be used to predict the probability of a condition 
occurring within a watershed.  The initial probabilistic sampling cycle, 
which concluded in 2001, was conducted in accordance with the fi ve-
year Watershed Management Framework cycle.  Thirty sites were 
sampled within each watershed.  A second round of probabilistic 
sampling, initiated in 2002, modifi ed the framework cycle to a statewide 
approach.  The objective for the second round was to collect 30 samples 
from each watershed over a fi ve-year period (six sites are collected from 
each watershed annually).  Importantly, at the end of the fi ve-year cycle, 
each of the state’s major watersheds will continue to be independently 
characterizable.

This departure from the framework cycle minimizes the effects of 
extreme conditions, such as periodic droughts and fl ooding and allows 
for annual updates of statewide stream conditions.  Data collection 
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age.  The results of this project will provide updated information similar 
to that of the NWI 1980-86, but will also include wetlands created since 
1986 and wetlands smaller that those which could be detected in the NWI 
1980-86(<1-3 acres). 

The EPA plans to advise states on assessment methods and actual site 
locations by September 1, 2009.  As a result of the 2011 NWI, additional 
valuable information on the number and condition of West Virginia’s 
wetlands will be available from EPA, DEP and DNR.

Citizen monitoring                                                                                                          
The fourth stream assessment project is the West Virginia Save Our 
Streams volunteer monitoring program.  Initiated in 1989, this program 
encourages citizens to become involved in the improvement and protection 
of the state’s streams.  The focus is largely on nonpoint source pollution 
abatement.  Save Our Streams has two objectives. First, it provides the 
state with enhanced ability to monitor and protect its surface waters 
through increased water quality and benthos data collection.  Second, 
it improves water quality through educational outreach to the state’s 
citizens.  After citizens are actively involved in stream monitoring and 
restoration activities, they can initiate improvement projects within their 

Table 3 - Current and future monitoring activities

26 Ambient sites will be monitored bi-monthly from July 2007 through 
June 2009

A third round of probabilistic monitoring that began in the spring of 2007 will 
continue through 2011.

Pre-TMDL development monitoring for Group B – 419 sites from 279 streams 
were sampled from July 2007 through June 2008. (179 sites from the Elk 
River Watershed, 176 from the Lower Kanawha River Watershed, and 64 from 
the North Branch Potomac Watershed)

TMDL development for Group C – 419 sites from 267 streams will be 
sampled from July 2008 through June 2009.

Group B Targeted Sampling – 76 targeted sites were sampled in 2007.

Group C Targeted Sampling – Approximately 75 sites will be sampled during 
the 2008 summer sampling season.

Lakes – Ten lakes within Group C will be sampled four times during the 2008 
growing season (May through October) and approximately 10 Group D Lakes 
will be sampled in 2009.

own watersheds.  Training workshops are conducted annually to provide 
quality assurance.  A recent improvement in data accessibility for the 
program has been the development of an online Volunteer Assessment 
Database.  As an example of the functions of the new database, volunteer 
stream reports are now available online at http://www.wvdep.org/dwwm/
wvsos/vad/index.htm. 

Volunteer monitors can register on the database and enter their own data 
online, or continue to submit the information to the coordinator for a quality 
assurance review.  The coordinator also is the database administrator, and 
has tools to verify the quality of the information before it is approved.  The 
database is available for public viewing without registration.  In addition, 
the program prepares an annual “State of Our Streams” report.jl
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Table 4 - Data providers for the 2008 303(d) List and Integrated Report*

Alex Energy (Massey Energy Company) Alliance Coal, LLC Alpha Coal and Coastal Coal

Bio-Chem Testing, Inc. Cacapon Institute Consolidation Coal Company

Cranesville Stone, Inc. Friends of Cheat Friends of Deckers Creek

Greenbrier River Watershed Assoiciation Green Valley (Massey Energy Company) National Park Service

New Land Leasing Compnay Orchard Coal ORSANCO

Pace Carbon West Virginia Synthetic Patriot Mining Company, Inc. Peerless Eagle (Massey Energy Company)

Plateau Action Network Preston County Coal and Coke Corporation DEP Stream Restoration Group

Upper Guyandotte Watershed Association U.S. Army Corps of Engineers U.S. Geological Survey

WVU Water Research Institute West Virginia Bureau for Public Health West Virginia Department of Agriculture

West Virginia Department of Environmental Protection West Virginia Division of Natural Resources West Virginia Wesleyan College

* Additional entities provided data during the draft 303(d) comment period, March 24, 2008 until June 6, 2008.  See the Public Participation and Responsiveness Summary

DATA MANAGEMENT
Assessed data
All readily available data was used during the evaluation process.  In 
preparation for the development of this report, the agency sought water 
quality information from various state and federal agencies, college and 
universities, private individuals, businesses, organizations and others.  
News releases and public notices were published in state newspapers.  
Specifi c requests for data were made to state and federal agencies known 
by the DEP to be generators of water quality data.  Table 4 identifi es the 
entities that contributed water quality data. The DEP’s staff reviewed data 
from external sources to ensure that collection and analytical methods, 
quality assurance and quality control and method detection levels were 
consistent with approved procedures. In addition, DEP has developed 
guidance for those wishing to submit data.  The document contains a list 
of requirements for submitted data along with helpful internet links and a 
checklist for data submitters.  The guide can be found on DEP’s Web site 
using the following link: 
http://www.wvdep.org/Docs/13395_QA%20Guidelines%20(PIO%20
revised).doc  

Analytical methodology is normally limited to the procedures contained in 
the federal regulations of 40CFR136.  In limited instances, where 40CFR136 
does not include sampling or analytical techniques for a particular 
pollutant, or where 40CFR136 techniques cannot effectively characterize 
water quality, results obtained from alternative, scientifi cally-defensible 
analytical methodologies have been accepted.  Although it is a primary 
consideration in the evaluation of the acceptability of monitoring results, 
monitoring and analysis pursuant to 40CFR136 approved methods is not 
mandated for Section 303(d) or 305(b) processes.  40CFR136 does not 
always contain approved methods for parameters with water quality criteria. 
In such instances, monitoring and analysis under other scientifi cally valid 
methodologies may be appropriate.  For example, “free cyanide,” which 
is commonly required in NPDES permits to be analyzed by the weak acid 
dissociable cyanide method contained in “Standard Methods,” is similarly 
qualifi ed as appropriate.  In other scenarios, 40CFR136 methods may 
not provide the analytical sensitivity necessary for assessment, and data 
from alternative scientifi cally defensible methodologies may be accepted. 
ORSANCO’s use of high volume monitoring techniques for assessment of 
dioxin in the Ohio River is a primary example. 
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Assessment decisions are made using the most accurate and recent data 
available to the agency.  For stream water quality assessments, DEP 
generally used water quality data generated between July 2002 and June 
2007.  The use of data more than fi ve years old is intentionally limited.  In 
the absence of new information, previous assessments are carried forward 
even if the data becomes older than fi ve years.  Additionally, if a water 
quality criteria change is approved which affects an older assessment, the 
new assessment will only refl ect the current criteria. 

Waters are not deemed impaired based upon water quality data collected 
when stream fl ow conditions are less than 7Q10 fl ow (the seven consecutive 
day average low fl ow that recurs at a 10 year interval) or within regulatory 
mixing zones.  Further, waters are not deemed impaired based upon “not-
detected” analytical results from methodologies that have detection limits 
that are not sensitive enough to confi rm criteria compliance.

Water Analysis Database - WabBase
The Division of Water and Waste Management has generated the majority 
of the available water quality data.  Currently all targeted, probabilistic, 
and pre-TMDL development monitoring data is managed in an inhouse 
database (WabBase).  WabBase houses most water quality, habitat, 
watershed characteristics, macroinvertebrate data (both raw data and 
calculated metrics) and supporting information collected by the Watershed 
Assessment Section.

External data providers
Data submitted from sources outside of the Watershed Assessment 
Section were considered in the development of this report.  This also 
includes data from other DEP programs.  The external data providers 
are listed in Table 4.  Once data was submitted, the DEP performed the 
following:
  Determined quality and quantity
  Formatted data for evaluation
  Determined stream codes and mile points 
  Used qualifi ed data from external sources to make assessment                                                                                                                                       
            decisions
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USE ASSESSMENT PROCEDURES

The primary focus of the Integrated Report is to assess water quality 
information and determine if the designated uses of state waters are 
supported.  After use assessment, waters are placed into one of fi ve 
categories as described in the introduction.  This section describes the 
various protocols used to determine use impairment and place waters on 
the Section 303(d) List and in Category 5 of this report.  It also describes 
the protocols to categorize the remaining waters where uses have not 
been determined to be impaired.  If a water has any impaired use, it is 
placed in Category 5.  Other waters may be placed in Category 1, 2, 3, or 
4 depending upon the available water quality data and TMDL development 
requirements and status.
 
303(d) Listing Methodology
Numeric water quality criteria 
The EPA’s most recent guidance for assessment and listing encourages 
decision criteria commensurate with the implementation provisions of a 
state’s water quality standards, such as the concentration value, exposure 
duration and allowable exceedance frequency as described in the Water 
Quality Standards section.  Previously, EPA has encouraged 303(d) listing 
decisions relative to numeric water quality criteria to be based primarily 
upon the frequency of exceedance of the numeric criteria and the “10-
percent rule.”  Usually, if more than 10 percent of the observed values 
exceeded the concentration value of an applicable numeric criterion, then 
the water was considered impaired and placed on the 303(d) List.  

Typically, if an ample data set exists and exceedances of chronic aquatic 
life protection and/or human health protection criteria occur more than 10 
percent of the time, the water is considered to be impaired.  If the rate of 
exceedance demonstrated is less than or equal to 10 percent, then the 
water is considered to be meeting the designated use under evaluation. 
Ample data sets are defi ned as sets with 20 or more distinct observations. 
If fewer than 20 samples per station or representative area exist and three 
or more values exceed a criterion value, then the water also is considered 
to be impaired.  For this scenario (three observed violations), if additional 
non-exceeding monitoring results were available that would increase the 
data set size to 20 observations, a greater than 10 percent exceedance 
frequency would still exist.

Under West Virginia Water Quality Standards, acute aquatic life protection 
criteria have associated exposure durations of one hour and may be 
exceeded once every three years.  The normal practice of “grab-sampling” 
ambient waters is generally consistent with the one-hour exposure 
duration specifi ed in the standards.  Therefore, a direct application of the 
allowable exceedance frequency provided in the standards is made when 
assessing impairment relative to acute aquatic life protection criteria.  If 
two or more exceedances of acute criteria are observed in any three-year 
period, the water is considered to be impaired. 

If the data being evaluated is generated as part of a comprehensive 
network being monitored for a specifi c purpose, the data may be assigned 
a higher level of assessment quality, and the “10-percent rule” may be 
applied with confi dence to data sets containing less than 20 observations 
per station.  The primary example of an intensifi ed monitoring program 
that generates higher assessment quality data is that which is conducted 
by DEP to support TMDL development.  The pre-TMDL monitoring format 
includes fl ow measurement and monthly water quality monitoring for 
one year at multiple locations throughout a watershed.  Information is 
generated over a range of stream fl ow conditions and in all seasons.  
Habitat assessment and biological monitoring is performed in conjunction 
with water quality monitoring.  The information generated under this 
format is among the most comprehensive available for assessing water 
quality.  Upon conclusion of monitoring, it is then necessary for agency 
personnel to make a defi nitive judgment relative to impairment.  In most 
instances, application of the “10-percent rule” to the pre-TMDL monitoring 
data sets result in the classifi cation of waters as impaired if two or more 
exceedances of a criterion are demonstrated.
 
Table 5 summarizes the criteria used to make 303(d) impairment decisions 
relative to numeric water quality criteria.

Segmentation of streams 
For the 2008 listing cycle, DEP has chosen to represent the majority 
of newly listed streams as impaired for their entire length and has only 
segmented newly listed streams in limited situations.  

First, segmentation may be justifi ed when a sizable impoundment is 
located on the stream. An impoundment acts as physical barrier between 
the upper and lower reaches of a stream thereby interrupting natural 
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stream fl ow and changing water quality. Certain physical characteristics, 
such as temperature and dissolved oxygen, can vary widely based on the 
depth at which the discharge water is drawn. Often a properly maintained 
impoundment removes excess sediment which can be responsible for 
violations of iron water quality criteria. This type of situation results in a 
stream being listed for violations of iron criteria above the impoundment 
with no violations or listings noted downstream of the impoundment.  

Secondly, stream segmentation may occur when DEP has knowledge of 
a specifi c source of impairment or where biological assessments allow 
DEP to distinguish between impaired and clearly unimpaired segments 
and present the information.

Thirdly, segmentation of large watersheds, such as the Ohio River, is often 
necessary to provide a clear understanding of water quality impairments. 
It allows the presentation of information for each segment detailing the 
length and type of impairment. In addition, this type of segment specifi c 
information is often helpful in locating pollutant sources.

Finally, segmentation is useful in understanding changes in a stream’s 
designated use. For example, the headwaters of certain streams are 
designated as trout waters based on characteristics such as temperature, 

habitat and the fact they hold year round populations of trout.  Occasionally, 
as those waters fl ow downstream, both temperature and habitat change 
to a point that they no longer support trout. As a result of these changes, 
the lower portion of the stream is classifi ed as a warm water fi shery. Since 
trout water criteria differ signifi cantly from warm water criteria, stream 
segmentation is used to refl ect the change in designated use.  

Except for the above-mentioned scenarios, segmentation at the time of 
listing is generally not pursued.  If segmentation is based solely upon the 
limited amount of water quality monitoring data that is usually available, 
it may not accurately portray the extent of impairment and may contradict 
the ultimate fi ndings of the TMDL that the listing mandates.  The DEP 
believes the TMDL development process, which links water quality 
monitoring with pollutant sources through computer modeling, provides 
the best assessment of criterion attainment and the most accurate 
identifi cation of the watershed sources for which pollutant reductions are 
necessary.  TMDL modeling predicts water quality over a wide range of 
climatic and stream fl ow conditions and prescribes pollutants allocations 
that will result in attainment of criteria in all stream segments.  In contrast 
to the “grab sampling” associated with water quality monitoring, TMDL 
modeling incorporates the specifi c exposure duration and exceedance 
frequency terms of water quality criteria.

Table 5 - Numeric water quality decision criteria for listing of impaired waters

Water Quality Criteria Impairment Thresholds Exceptions

Acute Aquatic Life Protection (Use 
Category B)

The water is impaired if two exceedances of acute aquatic life protection numeric 
criteria occur within any three-year period.

If, in the most recent three-year period, no 
exceedances of criteria are evidenced and at least 12 
monitoring results are available, then the water is not 
considered impaired.

Chronic Aquatic Life Protection 
(Use Category B) 
Human Health Protection 
(Use Categories A and C)

The water is impaired if a greater than 10% frequency of exceedance is 
demonstrated in an ample dataset (20 or more available observations).

The water is impaired if three exceedances of criteria occur with less than 20 
available monitoring results. 

The water is impaired if a greater than 10% frequency of exceedance is 
demonstrated with less than 20 available observations, if the data being evaluated 
is of high assessment quality ( > two violations)

If, for waters with regularly scheduled monitoring, in 
the most recent two-year period, no exceedances of 
criteria are evidenced and at least eight observations 
are available, then the water is not considered 
impaired.
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Evaluation of fecal coliform numeric criteria
Fecal coliform assessments were based on the previously described 
decision criteria for numeric water quality criteria.  Given the complexity 
of this particular criteria, most assessments are performed by comparing 
observations to the “maximum daily” criterion value of 400 counts/100ml.  
Evaluation of the monthly geometric mean fecal coliform criterion (200 
counts/100ml) occurs only where fi ve or more individual sample results 
are available within a calendar month.

Numeric fecal coliform water quality criteria are applicable to the Water 
Contact Recreation and Public Water Supply designated uses.  Section 
8.13 of Appendix E of the West Virginia Water Quality Standards states:
Maximum allowable level of fecal coliform content for Primary Contact 
Recreation shall not exceed 200/100ml as a monthly geometric mean 
based on not less than fi ve samples per month; nor to exceed 400/100ml 
in more than 10 percent of all samples taken during the month.

A practical diffi culty exists in accurate assessment of criteria compliance 
due to the resource commitment that would be necessary to perform 
monitoring at a suffi cient frequency to make determinations using the 
geometric mean criteria, since the monthly geometric mean criterion is 
conditioned upon the availability of at least fi ve distinct sample results in 
a month.  The “maximum daily” criterion is not conditioned by a minimum 
sample set requirement, but practical use of the apparent 10 percent 
exceedance allowance would involve at least 10 samples per month.
  
The most frequent and regular fecal coliform water quality monitoring 
conducted by the Watershed Assessment Section is once per month.  
That monitoring frequency precludes assessment of the monthly 
geometric mean criterion and hampers accurate assessment of the 
maximum daily criterion.  Due to limited resources, more frequent fecal 
coliform monitoring could only be accomplished by signifi cantly reducing 
the number of West Virginia streams and/or stations where water quality 
assessments are performed.  The DEP does not consider that to be a 
reasonable alternative.     

The DEP uses the following protocols when making assessments relative 
to fecal coliform numeric criteria:
  No assessments are based upon the monthly geometric   
 mean criterion (200 counts/100ml) unless an available data set

  includes monitoring at fi ve per month or greater frequency.   
 When  data sets are available, the listing decision criteria for 
 numeric water quality criteria are applied, considering each
 monthly geometric mean as an available monitoring result. 
    The listing decision criteria are applied to the maximum daily
 criterion (400 counts/100ml) and available individual monitoring 
 results, but without the monthly prejudice.  For example, if twice  
 per month monitoring is conducted for a year and two results in 
 two separate months are greater than 400, the stream would be  
 assessed as fully supporting (2/24 – 8.3 percent rate of   
 exceedance) rather than insuffi cient data (two months per 12 
 months exceedance).  If fi ve samples per month monitoring is 
 conducted for one year and four daily results greater than 400 
 are measured in four different months, the stream would be 
 assessed as fully supporting (4/60 – 6.7 percent rate of 
 exceedance) rather than nonsupporting (four months per 12 
 months exceedance), provided that the monthly geometric   
 means were below the 200 counts/100 ml criteria.  

The decision criteria does not provide for 303(d) listing of waters with 
severely limited data sets and exceedance (i.e., one sample in a fi ve-year 
period > 400 counts/100ml).  Such waters would be classifi ed as having 
insuffi cient data available for use assessment.  DEP will target these “fecal 
one-hit” waters for additional monitoring by incorporating them into the 
pre-TMDL monitoring plans at the next opportunity for TMDL development 
in their watershed.  Where the intensifi ed pre-TMDL monitoring (monthly 
sampling for one year) indicates impairment, TMDL development will 
be immediately initiated, even though the water may not be included in 
Category 5 of the current Integrated Report.

Evaluation of pH numeric water quality criteria data
For the 2006 303(d) List, the DEP evaluated all recent (July 2000 – June 
2005) pH water quality data under the previously described listing criteria 
requirements for numeric water quality criteria.  Waters were identifi ed 
as impaired for pH if the data exceeded listing requirements criteria or if 
the water was previously listed and insuffi cient new data were available 
to reassess the water.  The impaired lengths of certain streams were 
adjusted to recognize ongoing limestone treatment operations that have 
resulted in the attainment of the pH criterion in the treated segments.
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Narrative water quality criteria – biological impairment data 
The narrative water quality criterion of 47CSR2 – 3.2.i. prohibits the 
presence of wastes in state waters that cause or contribute to signifi cant 
adverse impact to the chemical, physical, hydrologic and biological 
components of aquatic ecosystems.  Streams are listed as biologically 
impaired based on a survey of their benthic macroinvertebrate community.  
Benthic macroinvertebrate communities are rated using a multimetric 
index developed for use in wadeable streams of West Virginia.  The West 
Virginia Stream Condition Index (WVSCI) is composed of six metrics that 
were selected to maximize discrimination between streams with known 
impairments and reference streams.  Streams with WVSCI scores of less 
than 60.6 are considered biologically impaired and included on the 303(d) 
List.  Benthic macroinvertebrates are collected with a 500 mm mesh 
rectangular dip net.  The kick sample is collected from the 1.0 m2 area of 
substrate.  Identifi cations are completed for a 200-organism subsample.  
The WVSCI was developed from data using these methods.  Streams 
are listed as being biologically impaired only if the data was comparable 
(e.g., collected utilizing the same methods used to develop the WVSCI, 
adequate fl ow in riffl e/run habitat, and within the current index period. 

Most streams with low biological scores are listed as having an unknown 

source/cause of impairment on the 303(d) List and most are listed, by 
default, for their entire length.  It is doubtful that the entire length of 
every stream is impaired, but without further data, the exact length of 
impairment is unknown.  Each listed stream will be revisited prior to TMDL 
development.  The additional assessments performed in the pre-TMDL 
monitoring effort will better defi ne the impaired length.  The causative 
stressor(s) of the impairment and the contributing sources of pollution also 
will be identifi ed during the TMDL development process.  If the stressor 
identifi cation process demonstrates that the biological impairment is not 
caused by a pollutant, then no TMDL will be developed. 

Certain biologically impaired streams have been evaluated but they 
were not immediately placed on the 303(d) List or in Category 5.  The 
impairment source for these streams has been linked to a pollutant for 
which a TMDL has already been developed.  An example scenario would 
be a low biological score on a stream that has a TMDL developed for mine 
drainage.  If the pollutant reductions specifi ed by the TMDL are achieved, 
the biological community would likely restore itself.  In these cases, 
after careful evaluation, the stream was not listed or placed in Category 
5 because the full implementation of an existing TMDL is expected to 
correct the problem.  If implementation of the TMDL resolves the pollutant 

Nick Murray working on collecting a benthic Nick Murray working on collecting a benthic 
sample in Glady Fork in Randolph Countysample in Glady Fork in Randolph County

Photo by Jeff BaileyPhoto by Jeff Bailey
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West Virginia water quality standards contain a numeric body-burden 
criterion for methylmercury in fi sh tissue.  The criterion for protection of 
public water supply and water contact recreation designated uses is 0.5 
μg/g.  In the Ohio River, the applicable ORSANCO body-burden criterion 
is 0.3 μg/g.  Fish tissue mercury impairment decisions are based upon a 
direct comparison of available observations to the body-burden criteria.

Categorization of nonimpaired waters
The following paragraphs describe protocols used to determine use 
support and to place waters in either Category 1, 2, or 3.  

Use support
Stream segments that support all of the designated uses are placed in 
Category 1.  This section describes the guidelines used by the DEP to 
demonstrate use-support for each of the designated uses.

Not all parameters with applicable numeric criteria must be monitored 
to determine use support.  A supporting assessment is made if certain 
mandatory parameters have been monitored and those results 
demonstrate compliance with criteria.  If monitoring results are available 
for “non-mandatory” parameters, they also must indicate compliance 
with the criteria for those parameters if a fully supporting assessment 
is made.  For limited data sets (less than 20 samples per station), no 
criteria exceedances can be evident.  If 20 samples per station or more 
are available, then compliance would be determined by application of 
the listing criteria (i.e., less than 10 percent exceedance rate for chronic 
aquatic life and human health criteria, less than two violations of acute 
criteria in a three-year period, no violations in the most recent two- or 
three-year period, as applicable). 

Category B (aquatic life) designated uses
For this use to be supported, biomonitoring must have been performed 
and results must show a WVSCI score > 68.0.  Also, there must not be 
any exceedance of any other aquatic life protection water quality criteria 
(less than 20 samples per station) or any exceedance of listing criteria (20 
samples per station or more).

The WVSCI methodology can be applied only to wadeable streams.  Most 
nonwadeable streams are part of the Ambient Water Quality Monitoring 
Network and are sampled every two months for a variety of pollutant 

specifi c impairment but biological scores remain low, then the biological 
impairment would be listed and the stream would return to Category 5.

Narrative water quality criteria – fi sh consumption advisories
The narrative water quality criterion of 47CSR2 – 3.2.e prohibits the 
presence of materials in concentrations that are harmful, hazardous or toxic 
to man, animal or aquatic life in state waters.  Fish consumption advisories 
are used to inform the public about potential health risks associated with 
eating fi sh from West Virginia’s streams.  The DEP, DNR, and the Bureau 
for Public Health have collaborated on fi sh contamination issues since the 
1980s; however, an executive order by the governor in 2000 mandated 
a formal collaborative process to issue fi sh consumption advisories.  
Fish consumption advisories are developed and issued in accordance 
with an interagency agreement.  In the absence of specifi c body-burden 
criteria, the presence of contaminants in fi sh tissue in amounts equivalent 
to a two meal per month advisory is considered suffi cient evidence of 
impairment.

Risk-based principles are used to determine whether fi sh consumption 
advisories are necessary.  These advisories are used as a public education 
tool to help citizens make informed decisions about eating fi sh caught 
in state streams.  The risk-based approach estimates the probability of 
adverse health effects and provides a statement on the health risk facing 
the angler and high-risk groups including women of childbearing age and 
children. West Virginia’s fi sh consumption advisories include guidelines 
on the number of meals to eat and information on proper fi sh preparation 
to further minimize risk.
 
Waterbody-specifi c fi sh consumption advisories are on 13 state streams and 
four lakes for a variety of fi sh species and contaminants.  Additionally, there 
is a general statewide advisory that recommends limiting the consumption 
of certain sport-caught fi sh from all West Virginia waters in relation to low-
level mercury and/or polychlorinated biphenyl (PCB) contamination.  The 
statewide advisory provides species-specifi c recommendations ranging 
from one meal per week to one meal per month.

The listing of waters based on fi sh consumption advisories is strongly 
supported by EPA.  For PCBs, waters are considered impaired if at least 
one monitoring result for tissue from a commonly consumed species 
exceeds the two meal per month advisory trigger.  In regard to mercury, 
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parameters.  If no exceedance of listing criteria (for aquatic life criteria) 
is demonstrated and no other information demonstrates adverse impact 
to aquatic ecosystems, then the aquatic life use is considered supported.

Category A (public water supply) and C (contact recreation) designated 
uses
For these uses to be supported, at least one fecal coliform monitoring 
result less than 400 counts/100ml must be available.  Also, there must not 
be any exceedance of any other human health protection water quality 
criteria (less than 20 samples per station) or any exceedance of listing 
criteria (20 samples per station or more) for the uses to be supported.

Category D (agriculture and wildlife) and E (water supply industrial, water 
transport, cooling and power) designated uses
For these uses to be supported, pH and dissolved oxygen must have 
been monitored and results must indicate compliance with criteria.  Also, 
there must not be any exceedance of any other Category D and E water 
quality criteria (less than 20 samples per station) or any exceedance of 
listing criteria (20 samples per station or more).

Insuffi cient data 
Stream segments without suffi cient data to determine use support or 
impairment may be placed in either Category 2 or 3.  Category 2 houses 
waters with some uses determined to be supported, but lacking suffi cient 
information to assess other uses.  Waters are placed in Category 3 if 
insuffi cient or no information exists to determine if any of the uses are 
being met.

The use is not assessed when there is some water quality data available, 
but not enough to conclude that the use is fully supporting or not supporting.  
The following situations produce an insuffi cient data designation:
    Instream monitoring results demonstrated criteria exceedances,                                                                                                                                     
            but at a frequency insuffi cient to deem the use impaired 
   Water quality data is available for some parameters but is not  
 available for mandatory parameters
   Biological assessment returned a gray result (WVSCI score  
 between 60.6 and 68.0)

A use is not assessed if a stream has not been sampled within the last 15 
years for any parameter that has an applicable water quality criteria for 
the use being evaluated.

Cow Creek in Putnam CountyCow Creek in Putnam County
Photo by Doug WoodPhoto by Doug Wood
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ASSESSMENT RESULTS

This section contains the results from all the data that has been assessed for 
West Virginia waterbodies.  Table 6 shows a summary of the classifi cation 
of West Virginia waters under the fi ve “Integrated Report” categories (see 
page 5).  The results reveal that 27% of West Virginia’s stream miles are 
in either Category 1 or 2 (fully supporting all or some assessed uses).  

Category 3, streams with insuffi cient data, makes up 40% of stream miles, 
the largest percentage of the fi ve categories.  However, that number is 
somewhat deceiving.  The streams with limited data are typically small 
unnamed tributaries, which usually contribute to the larger waterbodies 
which have been assessed.  All major rivers in the state; the Kanawha, 

Monongahela and Little Kanawha rivers, have data and have been 
assessed and placed into one of the other four categories.  One-third of 
West Virginia’s streams are impaired and fall into either Category 4 or 5. 

Category 1, Category 2, and Category 3 watere are quite large, therefore, 
they are not published in this document.  The three categories can be 
viewed on DEP’s website, www.wvdep.org.  Waters listed in category 
4 are included in the supplements toward the back of this document in 
Supplemental B, B1, and D sections.  Category 5 waters are included in 
the document and is the 303(d) List. 2  

Category 5 includes 971 impaired stream segments, covering approximately 
6,157 stream miles that are impaired and need TMDLs developed.  This 
number has decreased from 6,595 miles of impaired streams identifi ed on 
the 2006 list.  The decrease is due, in part, to numerous TMDLs that have 
been developed and approved since publication of the 2006 report.

Table 7 contains a detailed breakdown of use support specifi c to the 
use categories for West Virginia waters as set forth in the Water Quality 
Standards (47CSR2).

The most common impairments of West Virginia waters are:
  Biological impairment, as determined through application of the  
 West Virginia Stream Condition Index
  Bacterial contamination evidenced by exceedance of numeric  
 water quality criteria for fecal coliform 
  Exceedance of numeric water quality criteria for pollutants  
 associated with mine drainage (low pH, and high concentration of  
 iron, aluminum, and/or manganese)
   Hg and PCB fish tissue contamination, and
  Low pH associated with acid rain 

The list and the summary results of Tables 8 and 9 provide an overview of 
the impairment status of West Virginia waters.  An alternative mechanism 
for assessing general status and the relative impacts of various causes 
and sources is provided by DEP’s Probablistic Monitoring Program.  The 
program and assessment results are described in the Probabilistic Data 
Summary section.

Table 6 - 2008 Category Summary Report for West Virginia

LAKES

Type CATEGORY # of lakes % lakes acres % acres

Lake 1 27 21 1055 5

Lake 2 42 32 5219 24

Lake 3 41 32 77 0

Lake 4a 9 7 193 1

Lake 5 11 8 15036 70

TOTAL 130 100 21580 100

STREAMS

Type CATEGORY # of stream 
segments

% stream 
segments

miles of 
streams

% miles

Stream 1 1295 12 4831 16

Stream 2 875 8 3250 11

Stream 3 6779 62 12066 40

Stream 4a 999 9 3981 13

Stream 4b 2 0 2 0

Stream 4c 36 0 35 0

Stream 5 971 9 6157 20

TOTAL 10957 100 30322 100
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Table 7 - West Virginia use support summary

LAKES

Designated Use Number of Lakes Size (acres) Fully Supporting Insuffi cient Data Not Assessed Not Supporting

# % Acres % # % Acres % # % Acres % # % Acres %

A - Public Water 130 21580 27 21 1055 5 43 33 5263 24 40 31 33 0 20 15 15229 71

B1 - Warm Water 
Fishery

111 16241 26 23 1065 7 27 24 4114 25 40 36 33 0 18 16 11029 68

B2 - Troutwater 19 5339 12 63 1014 19 5 26 125 2 0 0 0 0 2 11 4200 79

C - Contact 
Recreation

130 21580 66 51 3878 18 5 4 2452 11 47 36 206 1 12 9 15044 70

D - Agriculture and 
Wildlife

130 21580 70 54 6994 32 2 2 56 0 50 38 5324 25 8 6 9206 43

E -Industrial 130 21580 70 54 6994 32 2 2 56 0 50 38 5324 25 8 6 9206 43

Total 130 21580

STREAMS 

Designated Use
Number of Stream 
Segments

Size (miles) Fully Supporting Insuffi cient Data Not Assessed Not Supporting

# % Miles % # % Miles % # % Miles % # % Miles %

A - Public Water 10954 30316 2329 21 9150 30 498 5 2098 7 6682 61 11749 39 1445 13 7319 24

B1 - Warm Water 
Fishery

9986 25466 1131 11 4115 16 955 10 3142 12 6385 64 11049 43 1515 15 7160 28

B2 - Troutwater 971 4856 360 37 1986 41 125 13 766 16 294 30 694 14 192 20 1410 29

C - Contact 
Recreation

10957 30322 2589 24 10058 33 586 5 2514 8 6698 61 11780 39 1084 10 5970 20

D - Agriculture and 
Wildlife

10956 30322 3524 32 15407 51 228 2 650 2 6698 61 11780 39 507 5 2485 8

E -Industrial 10957 30322 3524 32 15407 51 227 2 650 2 6698 61 11780 39 508 5 2485 8

Total 10957 30322
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to headwater streams impacted by acid rain have restored many miles of 
trout water and recent pH data at the head of Cheat Lake has consistently 
indicated no impairment for the last four years.  Several AMD restoration 
projects have also been completed in the watershed. 

Little Kanawha River
A small headwater section from river mile 162 upstream to the headwaters 
is currently listed for pH impairment.  The segment of the river from 
Burnsville Dam (river mile 132.6) downstream to the mouth is impaired by 
fecal coliform and mercury, due to a fi sh consumption advisory.  Finally, 
the entire river is now listed for PCB due to a fi sh consumption advisory.

Previously, EPA developed iron and aluminum TMDLs for the mainstem 
and several tributaries.  The previously developed total aluminum TMDLs 
are now obsolete due to the criteria revisions that occurred in 2006. 
In addition, DEP has received approval from EPA for TMDLs on four 
additional tributaries for total iron, pH and biological impairments.

Ohio River
In 2000 and 2002, EPA developed TMDLs for dioxin and PCBs, 
respectively for the Ohio River mainstem.  The EPA TMDLs for dioxin 
included only sections of the Ohio River from the mouth of the Kanawha 
River downstream to the Kentucky state line.  Additional sections of 
the river above the Kanawha River remain listed as impaired by dioxin. 
Currently, TMDLs have been or are being developed to address various 
impairments on many of the tributary streams.

The Ohio River Valley Water Sanitation Commission does extensive water 
quality monitoring of the Ohio River annually.  In addition, every two years 
ORSANCO publishes a 305(b) report that provides assessments of the 
water quality based on ORSANCO water quality standards.  As in the 
past, DEP has reviewed the data and incorporated these assessments 
into the West Virginia Section 303(d) List. 

When both West Virginia and ORSANCO have an established criterion 
for a particular pollutant the most stringent standard is applied for 
assessment purposes and included in West Virginia’s Section 303(d) List.  
For example, the bacteria impairment identifi ed for various Ohio River 
segments is based upon both ORSANCO’s E. coli. water quality criteria 
and West Virginia’s fecal coliform criteria.  In addition, the river has  been 

and numerous impaired tributaries that were approved by the EPA in 
September 2006.  DEP also developed numorous TMDLS in the Gauley, 
New, Greenbrier and Bluestone watersheds in 2008.
  
Monongahela River and major tributaries (Cheat, Tygart and West 
Fork rivers)
Between March 2001 and September 2002, EPA developed TMDLs 
addressing the iron, aluminum, manganese and pH impairments of 
the Monongahela, Cheat, Tygart and West Fork Rivers and numerous 
tributary waters.

Fecal coliform impairments have been identifi ed in the Monongahela 
River (entire length), the Tygart Valley River (entire length), and the West 
Fork River (mouth to Stonewall Jackson Lake Dam).  The same segment 
of the West Fork River is also biologically impaired, has a dissolved zinc 
water quality criteria impairment, and a consumption advisory related to 
elevated fi sh tissue concentrations of Polychlorinated Biphenyls (PCBs). 
Additionally, the entire length of the Monongahela River continues to be 
listed for PCBs.  Stonewall Jackson Lake, Cheat Lake and Tygart Lake 
are all listed as impaired for mercury.  Cheat and Tygart Lakes are listed 
for PCBs.  The mercury and PCB listings of these lakes are based on 
elevated fi sh tissue concentrations and fi sh comsumption advisories.

Cheat River Watershed TMDLs
The DEP and the EPA have initiated a large-scale revision of the Cheat 
River watershed TMDLs that the EPA developed in 2001.  At present, 
pre-TMDL monitoring, impairment assessments, and source tracking 
and characterization activities have been completed and a work directive 
issued to perform water quality modeling.  This effort is scheduled to be 
fi nalized in December 2009.  The revision will involve re-evaluation of the 
metals and pH impairments associated with the 2001 TMDLs, in light of 
the aluminum and manganese water quality standard revisions that have 
occurred and the various water quality improvement projects in place 
throughout the watershed.  In addition to the re-evaluation component, the 
new effort will also develop TMDLs for streams in the watershed where 
fecal coliform bacteria and/or biological impairments have been identifi ed.  
It is important to note that the pH water quality conditions of the Cheat 
River mainstem and Cheat Lake have shown drastic improvement in 
recent times.  The West Virginia Division of Natural Resources’ limestone 
drum station on the Blackwater River and its application of limestone fi nes 




